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QUARTERLY JOURNAL OF MICROSCOPICAL SCIENCE.

Fifty Years of the ' Quarterly Journal of Micro-
scopical Science' under the Editorship of
Sir E. Ray Lankester, K.C.B., M.A., D.Sc,
LL.D., P.R.S.

By

Gilbert C. Botiine, .11.4., D.Sc, F.R.S.,

Linacre Professor of Comparative Anatomy in the University
of Oxford.

All students of microscopical science and his numerous

friends, colleagues and pupils will unite in offei'ing hearty

congratulations and cordial expressions of esteem and good-

will to Sir Edwin Kay Lankester, who for fifty years has been

the editor of the 'Quarterly Journal of Microscopical Science.'

Equally all will agree in wishing hitn many more years of

health and energy in which he may continue his invaluable

labours in the cause of zoological science.

The ' Quarterly Journal of Microscopica] Science ' was

started in 1853 with Mr. Samuel Highley as ))al)li.sher. The

publisher's business was transferred in 1856 to Mr. John

Churchill, and the two original editors, Dr. Edwin Lankester

and Mr. George Busk, continued to carry on the Journal u]i

to the end of 18G8.

The introduction to the first volume of the old series tells

us that the object of the Journal was "the diffusion of

information relating to all improvements in the construction

of the microscope, and to record the most recent researches

made by its aid in different departments of science, whether
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in this country or on the Continent. A department of the

Journal will be given to reviews of works ... In

order to gather up fragments of information which singly

might appear to be useless but together are of great impor-

tance to science^ the editors have opened a department for

short notes, memoranda and correspondence."

The original scope of the Journal, therefore, was wider than

it is now, and the earlier volumes, in addition to memoirs on

zoological and botanical subjects, contain many papers on the

construction and theory of the microscope and on improve-

ments in microscopical technique. By agreement with the

Microscopical Society of London the Transactions of that

Society were included and published in the same volumes as

the ' Quarterly Journal of Microscopical Science,^ and this

arrangement continued up to the end of 1868, when the Royal

Microscopical Society, having recently (1866) been incor-

porated by Royal Charter, decided to sever its connection and

to publish its transactions independently in its own periodical,

the ' Monthh" Microscopical Jouinal.' Mr. George Busk

retired in 1868 from the co-editorsliip of the 'Quarterly

Journal,' and in 1869 E. Ray Lankester, then a newly

graduated B.A. of Oxford, joined his father in the editorship.

The old series of the ' Quarterly Journal of Microscopical

Science' comprised eight volumes, from 1853 to 1860, both

years inclusive. In 1861 a "new series" was instituted, and

the volumes bear consecutive numbers from that date to the

present day. It was the ninth volume of the new series

which started on an independent career under the auspices of

the two Lankesters, father and son. Dr. Edwin Lankester

retired in 1872 and, at Ray Lankester's request, Dr. J. F.

Payne, a medical graduate of Oxford and Fellow of Magdalen

College, came to his aid. In 1873 Lankester's fellow-student

and life-long friend joined him as editoi*—namely W. T.

Thiselton Dyer, who later became Director of the Royal

Gardens at Kew. He retii*ed in 1876 and Mr. William Archer,

of Dublin, was invited b}- Lankester to be one of the editors.

In 1877 Dr. Payne retired, and Ray Lankester sought and
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obtained the co-operation of an old friend, Dr. Klein, with whom
he had been associated in Sti*icker's laboratory at Vienna. In

1878 the editorial arrangements weremodified. Ray Lankester

became the sole editor, and the names of W. xlrcher, Francis

Maitland Balfourand E.Klein appear on the title-page as acting

in co-operation with him. The policy which has contributed so

much to the influence and success of the Journal was then

determined and has been steadily adhered to. Sir Ray's

object was to attract the best work of rising men from

Oxford, Cambridge, London, Edinburgh and other centres,

and for this reason he invited the co-operation of the leading

teachers in the several Universities. There have been many
changes in the list of co-operators. The hand of death has

fallen heavih- on Bi-itish zoologists, and the names of several

who, like F. M. Balfour, had established great reputations at

an early age, disappear all too soon from the title-pages,

their places being taken by others. In addition to those

mentioned above Adam Sedgwick, H. N. Moseley, A. Milnes

Marshall, W. F. R. AVeldon, S. J. Hiekson, K. A. Minchin,

G. C. Bourne, J. Graham Kerr and E. W. MacBride have at

various times co-operated Avith Sir Ray Lankester in the

editing of the Journal. Their share has been to supply fresh

contributors from among their best pupils ; the whole respon-

sibility and work of editorship has been undertaken by the

chief editor. The hospitality of the Journal has always been

open to naturalists from other countries. The late Prof. E.

van Beneden contributed some of his earliest memoirs on

Gregarina, Dicyemidae and embryology to the Journal between

1870 and 1878. Among the American zoologists we notice

contributions from W. B. Scott and H. F. Osborn in 187'J and

1881, A. S. Packard (1871 and 1«72), C. 0. Whitman (1878-

1886), E. B.Wilson (1881), and E. Phelps Allis (1905 and 1917)

.

Tlie rising school of zoologists in Japan are represented bv

memoirs written by T. Ijima (1882), C. Ischikawa (1885),

T. Iwakawa (1882), and K. Mitsukuri (1881). Of Belgian

naturalists, in addition to E. van Beneden, we have contri-

butions from M. L. Dollo (1883) and P. Pelseneer (1885 and
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1894). France is represented by memoirs from A. Giard

(1880), L. Ranvier (1880), and E.'l. Bouvier (1900). From
Holland we have papers by E. Horst (1882) and J. C.

Oudemans (1885), whilst Prof. A. A. W. Hubrecht was
a regular contributor, beginning in 1875 with the first of a

valuable series of papers on Nemertea, and following up with

another and even more important series on mammalian
embryology extending from 1889 to 1910. From Italy we

have the extremely interesting memoirs on the natural

history of Termites by Grrassi and Sandias in 1896 and 1897.

The German naturalists are largely represented in transla-

tions and reviews, but the only original contributions of

importance seem to be those of 0. Biitschli in 1879, and R. von

Erlanger, on the paired retml sacs of Prosobranchs, in 1891.

As was inevitable the scope of the Journal has changed

considerably in the last fifty years. In 1869 it retained its

original features, save for the disappearance of the transac-

tions of the Royal Microscopical Societ}'. Among the

original memoirs botany was almost as largely repi'esented as

zoology, students of Diatomacete, among whom Henfrey,

Gregory, Hendry, O'Meara, Donkin and AVallich may be

mentioned, making special use of its pages. In other

departments of botany S. H. Vines, F. Darwin, F. 0. Bower
and Walter Gardiner were for some years steady contributors,

but the growth of specialisation in science led to the publica-

tion of the ' Journal of Botany,' and after the eai-l}- eighties

of last century but few botanical memoirs have appeared in

tlie Journal, save for the conti-ibutions of bactei-iologists and

the important cytological memoirs of J. 11 Farmer (vol. 48,

1905). The notes, memoranda and reviews which occupied

so considerable a space in the decade following 1869 begun to

become scantier towards its close, and finally disappeared in

1883, at the same time that the size of the Journal was

increased to medium octavo.

A Quarterly Chronicle of Microscopical Science containing

much useful miscellaneous information was introduced in

1871 and formed a special department of the Journal for
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the next four yeai*s, but disappeared in 1875. For many-

years short notices of the ti'ansactions of various micro-

scopical societies, particularly those of the Dublin Micro-

scopical Club, were regularly recorded, bur appear for the last

time in vol. 20 (1881.)

It may be said that in 1883 the Journal had finally reached

its present form and very nearly its present size. The contents,

with the exception of occasional reviews or translations of

foreign memoirs of special importance, are original memoirs

on bacteriology, and the embryology, histology, bionomics and

comparative anatomy of animals. A large and increasing

space has been devoted to the progressive department of

Protozoology.

As regai'ds size, it may be recorded that vol. 23, the first

to appear in medium octavo, contained 653 pages of letter-

press and forty-thi-ee lithographic plates. By 1885 the number
of contributors had so far increased as to require a supplement

to the four quarterly numbers, and the volume is enlarged

to 752 pages of letterpress and fifty-two lithographic plates.

In 1890, owing to the increasing number of memoirs con-

tributed, the strict routine of quarterly publication was

abandoned and the numbers were ])ublislied at shorter and

less regular intervals, though, as before, four numbers went

to make up a volume. Thus in twenty-eight years thirty-

three volumes have been published.

If now we turn to the character of the memoirs that have

appeared in the Journal in the course of fifty years we find

that the later ones are generally longer and more abundant

in detail than those in the earlier volumes. It can hardly

be maintained that they are of greater intrinsic value. Many
of the old memoirs contained pioneer work, and opened the

way for the more copious treatment given to the same subjects

in later years. But if the opportunities for pioneer work

are less numerous nowadays—so much ground has been

explored since 1869— the recent volumes of the Journal

contain not a few memoirs which herald new departures in

biological research, and on the other hand there are memoirs
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of forty years ago that leave little to be desired in the point

of elaboration of detail.

At the head of the list of contributors stands Sir Ray
Lankester himself. He is responsible for seventy-eight

memoirs, including one published in the present year in the

last volume, and all but three of these stand in his sole name.

Their titles bear witness to the catholicity of interest so

faithfully reflected in the management and character of the

Journal. His earliest memoir, in new series, vol. 3 (1863),

is "On our Present Knowledge of the Gregarinidje, with

Descriptions of Three New Species belonging to that Class."

In succeeding volumes there are numerous descriptions of

Protozoa from his pen, among which special mention may
be made of the papers on Undulina (vol. 11, 1871) and

Drepanidium ran arum (vol. 22, 1882). As will appear

later on, this early interest in Protozoology and the lead

given by the editor culminates in a series of very important

memoirs by various authors. In 1864 and 1865 (vols. 4

and 5) Sir Bay made his second venture in zoological author-

ship by wn'iting on the anatomy of the earthworm. These

two memoirs were followed up in later years by his colleagues

and pupils, 1'. E. Beddai'd, A. Gibbs Bourne and AV. B. Ben-

ham, in numerous memoirs of monograpliie character, and

their work is expanded in exquisite detail by the series of

researches by E. S. Goodrich on the nephridia of the Poly-

chffita.

In 1874 Sir Hay Lankester published his observations on

the develoj)nient of the pond-snail and on the early stages

of other Mollusca—the first of a series from his pen which

laid the foundations of the stud\' of Mollnscan embryology.

His further researches on Mollusca are published elsewhere.

A notable contribution to Molluscan anatomy is that of

his friend and pupil, R. Holman Peck, whose memoir on the

minute structure of the gills of Lamellibranch Mollusca

(vol. 17, 1877) was Avritten under the personal superinten-

dence of the Editor. The memoir on the olfactory organ and

paired genital ducts of the Pearly Nautilus, by Lankester in



' QUARTERLY JOURXAL OF MICROSCOPICAL SCIENCE.' 7

conjaiiction witli A. G. Boui'iie (vol. 23, 1883), is another

valuable contribution to the same subject.

In 1869, the year in which Sir Eay Lankester first took up
editorial duties. Dr. Gr. J. Allnian described Ehabdopleura,

a new form of Polyzoa from deep-sea dredging in Shetland

(vol. 9). With unerring instinct for what is not merely rare

and curious, but also of fundamental morphological impoi-tance,

Sir Rmv Lankester kept this animal in mind, and we find a

memoir on its affinities in vol. 14 (1874) and ten years later,

in vol. 24, as the result of a visit to the Norwegian fiords,

a remarkable and. beautifully illustrated memoir describing

tJie structure and habit of Rhabdopleura in great detail.

Nine years later this interest in a curious and seemingly

aberi-ant form was completely justified by G. H. Fowler's

discover}' that it is allied to the Hemichordata and so stands

at the base of the vertebrate phylum (see vol. 48, 1904).

The series of articles by Sir Ray Lankester, beginning in

vol. 21 (1881) with the memoir, " Limulus an Arachnid," are

now among the classics of zoological literature, and to this

day stand as an example of the way in which a morphological

problem may be followed up in detail by critical analysis of

every organ in the bodies of the animals brought into com-

parison. The paper on the minute structure of the lateral

and central eyes of Scorpio and Limulus was Avritten in

conjunction with A. Gr. Bourne, and marks a great advance

in our knowledge of the structure and genesis of the

Arthropod eye. In later years (vol. 48, 1904) these

memoirs were summed up and extended in a masterly review

of the structure and classification of the Arachnida. As a

parallel piece of research we may notice Lankester's illumi-

nating memoir, " Observations and Reflections on the Append-

ages and on the Nervous System of Apus cancriforuiis,"

vol. 21 (1881), followed by P. Pelseneer's more detailed study

of the nervous system of the same species (vol. 25, 1885), and
the whole subject of Arthropod structure and classification

is summed up in Sir Ray's essay in vol. 47 (1904), to

which G. H. Carpenter's notes on the segmentation and
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phylogeny of the Arthropoda iu vol. 49 (1905) is a fitting

pendant.

To go back again to earlier days. Sir Ray Lankester

from the first was deeply interested in the blood and the

colouring matters of animals. AVe may note his early essay on

the action of Monads in producing colouring matters (vol. 1,

1867), and another on blue stentorin, the colouring matter of

Stentor coeruleus (vol. 13, 1873). His interest extended

itself to his fellow-student, H. N.Moseley (vol. 17, 1877), whose

paper on actiniochrome appeared in the volume last cited.

The subject of animal chromatology received extended

treatment at the hands of C. A. MacMunn in vols. 25, 27, 30

and 43. Xor should W. B. Benham's interesting observations

on the blood of Magelona (vol. 39, 1896) be forgotten in this

connection. The interest in colouring matters naturally

extends to the occurrence of chlorophyll in the animal

kingdom, and there is an early paper by Sir Eay Lankester

in vol. 14 (1874) on the mode of occurrence of chlorophyll

in Spongilla, followed eight years later by an illuminating

memoir on the chlorophyll corpuscles and amyloid deposits

of Spongilla and Hydra in vol. 22.

Space forbids a full appreciation of the numerous contri-

butions to zoological science published by Sir Ray Lankester

in the ' Quarterly Journal of Microscopical Science,' but no

enumeration would be complete without special mention of

his work on Amphioxus lanceolatus. As early as 1875

(vol. 15) he described some new points in the structure of this

species and in particular his discovery of the brown atrio-

coelomic funnels. Fourteen years later, in vol. 29, appeared his

" Contributions to the Knowledge of Amphioxus lanceo-

latus," a monographic description of the anatomy of

this species which greatly extended our knowledge and

enlarged our interest. In vol. 31 there followed an account of

the development of the atrial chamber of Amphioxus, written

in conjunction with A. AVilley, and this led directly to Willey's

studies on the later larval development of Amphioxus, vol. 32,

and to his further studies on the Protochordata, vols. 34, 35
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and 42. The running lias been taken up by E. W. MacBritle

in his papers on the development of Amphioxus, vols, 40,

43 and 54, and by E. S. Goodrich by his demonstration that the

supposed nephi-idial funnels are in fact solenocytes (vol. 45).

Goodrich's further observations on Hatschek's nephridium and
the nephridium in the larva, vol. 54, made a further and very

notable contribution to our knowledge of this interesting

species. In fact, Amphioxus has been quite a speciality of

the Journal.

But, as anyone who searches through the volumes of the

last fifty years will realise, though the ' Quarterl}' Journal of

Microscopical Science' has had its specialities it has never

been specialised. There have been not one speciality but

many specialities. It is not possible to do justice to all

of them, but attention may be called to notable advances made
by notable men in various depaitmeuts of zoological work.

One of the most important papers published in the earlier

years of the fifty under review is the classical account bv

Mr. A. P. Thomas of the life history of the Liver Fluke and

his discover}' of Lymniea truncatula as its intermediate

host (vol. 23, 1883). Mr. Thomas carried out his investiga-

tions at Oxford under the direction of Professor Rolleston

and succeeded in a quest in which Rudol]:)h Leuckart had

failed.

In the early seventies of the nineteenth century the remark-

able researches of the Russian naturalist Kowalewsky,to which

the attention of Englishmen was called by a notice in vol. 10

written, at Ray Lankester's request, by the late Sir Michael

Foster, gave a mai-ked impetus to embryological studies in this

country. 1'he beginning of a definite epoch is marked by the

appearance of Francis Maitland Balfour's memoir on the deve-

lopment and growth of the germ-layers of tlie blastoderm in

vol. 13 in 1873. This volume contains two other papers on the

development of the chick written by the same hand, and

in the following year, in vol. 14, Balfour's masterly memoir

entitled " A Preliminary .Account of the Development of tlie

Elasmobranch Fishes" makes its appearance. Other memoirs
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followed in rapid succession, and vols. 19 and 20 contain no

less tlian seven memoirs by Balfour, and an eighth on the

existence of a head kidney in the embryo chick which was

the joint production of himself and his pupil Adam Sedgwick.

Two of these memoirs deserve special notice—the one on the

spinal nerves of Amphioxus, because it was a contribution to

a subject tliat has figured so largely in the pages of the

Journal, the other on certain points in the anatomy of

Peripatus capensis, because it was the fii'st of a series no

less famous in the annals of the Journal than that relating to

Amphioxus. Another remarkable memoir by Balfour in

vol. 20 is that on larval forms, their nature, origin and affinities.

This same vol. "20 contains two papers on the development

of the kidney in the cliick by Adam Sedgwick, Balfour's

pupil, successor and scientific executor. In 1882 Balfour lost

his life by an accident in the Alps, and the meiuoir on which

he was engaged on the anatomy and development of Peri-

patus capensis was published posthumous!}' in vol. 23

(1883). At this time A. Sedgwick, partly as a tribute to the

memory of his friend and teacher, made an expedition

to South Africa to collect the embryos of Peripatus, and

his results are set forth in four successive memoirs on the

development of Peripatus capensis in vols. 25, 26, 27 and
28. In the last-named volume appears Sedgwick's mono-
graph on the species and distribution of the genus Peripatus

—

a work originally undertaken as a tribute to Balfour's memory
in conjunction with H. N. Moseley, but owing to the latter's

illness it was completed by Sedgwick alone. Since that time

important contributions to our knowledge of the genus have

been published in the Journal by Lilian Sheldon, W. L.'

Sclater, E. L. Bouvier, Muir and Kershaw, E. C. Pollard and
E. Evans.

Another famous addition to embr^ological science was
made by another of Balfour's pupils, W. Bateson, whose
three memoirs on the development of Balanoglossus
kowalevskii, followed by an essay on the ancestry of tlie

Chordata, are to be found in vols. 24, 25 and 26 of the
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Journal. A thii'd pupil of Balfoui''s, W. F. R. Weldon,

started his career at about the same time (1883) with

embryological work, his first contribution being a note on

the early development of Lacerta muralis in vol. 23.

Both he and Bateson forsook embryology for other fields of

zoological research, and took divero'ent patlis, but it is of

interest to record that their earliest studies were typical of

the Cambridge school as influenced and directed by Balfour.

Somewhat earlier in point of time were the memoirs of

another distinguished Cambridge embrvologist, A. ^lilnes

Marshall, who, like Balfour, lost hi< life in a mountain

accident at a young age. His works on the development of

the cranial nerves of the chick and on the head cavities and

associated nerves of Elasmobranchs are to be found in vols.

18 and 21 of the Journal.

The modern study of mammalian development in England

may be said to have been inaugurated by another Cambridge

eml)ryologist, \V. Heape, whose papers on the development

of the mole appear in vols. 23, 26 and 27. To him succeeded

A. A. W. Hubrecht, of Utrecht, with a series of studies on the

• embryology of the hedgehog (vol. 30) and of the shrew (vols.

31 and 35), followed by his fine memoir on the foetal membranes

of the Tarsiida? and Lejnuridie, entitled, " Spolia nemoris,"

in vol. 36 (1894). Shortly afterwards we come across the

remarkable memoirs of J. P. Hill and J. T. Wilson on the

placentation and embryology of the Marsupialia, in vols. 40,

43 and 56. R. Assheton is another notable contributor to

mammalian embryology in a number of memoirs extending

from vol. 37 (1894) Vj vol. 54 (1909). The papers of

J. W. Jenkinson on the early stages of the development

of the mouse (vol. 43) and on the placenta of a lenuir

(vol. 61) must not be left out of account in the history of

this very special feature of the 'Quarterly Journal of Micro-

scopical Science,' nor the important work of Wdley on the

placentation of the beaver (vol. 60, 1915), and of J. P. Hill,

on the Early Development of Didelphys (vol. 63, 1918).

Other notable embrvological memoirs are those of A. S.
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Packard on the embryology of Limulus polyphemus in

vol. 11 (1871) ; of C. 0. Whitman on the embryology of

Clepsine in vol. 18 (1878)—this is one of the earliest papers

in which a cell-lineage is lecorded ; of J. Graham Kerr on

the development of Lepidosiren paradox a (vols. 45, 46

and 54), and of E. W. MacBride on the development of

Echinoderms (vols. 34, 38,42, 51, 58 and 59).

If we now tUin to memoirs on descriptive and comparative

anatomy the list becomes too long for enumeration, and only a

small selection can be attempted. There are H. N. Moseley's

descriptions of pelagic and land Flanarians in vol. 17; his

notes on the structure of Seriatopora, Pocillopora, Corallium

and Tubipora in vol. 22, which formed the starting-point for

subsequent work on the Anthozoa by S.J.Hickson, G. H. Fowler

and G. C. Bourne (vols. 23 to 28) ; and specially Moseley's last

and very remarkable discovery of the presence of eyes in the

shells of certain Chitonid?e (vol. 25, 1885). There is a fine

set of ten papers on Echinoderm morphology by P. H.

Carpenter, extending from vol. 18 (1878) to vol. 28 (1888).

W. Baldwin Spencer's memoir on the presence and structure

of the pineal eye in Lacertilia (vol. 27, 1887) was a most

striking conti'ibution to science, and the interest in the

subject has been fully maintained by A. Dendy in vols. 42

and 51. E. B. Poulton's discovery of the true teeth undiu--

lying the horny plates of Ornithorhynchus is announced in

vol. 29. The monographic works of A. Gibbs Bourne, F. E.

Beddard and W. B. Benham on Oligochaeta and leeches

have already been mentioned. The interesting papers on

Nautilus, Ctenoplana, Heteroplana, Ptychodera, and otlier

novelties, sent home from the South Pacific by Lankester's

former pupil and assistant, Arthur Willey (vols. 39 and 40)

deserve especial mention. The Porifera have been eluci-

dated in great detail by E. A. Minchin, especially in his

"Materials for a Monograph of the Ascons," in vols. 40 and 52,

and by A. Dendy in vols. 29, 32, 35, 36 and OO, and by Wood-
land in vols. 49 and 52. Also we must cite the work of R. Evans,

of Jesus College, Oxford, on Spongilla, vols. 41, 42, and 44.
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A very instructive piece of work carried out under the advice

of Sir Eay Lankester is that of E. S. Goodrich ou the fossil

Mammalia of the Stonesfield Slate (vol. 35).

In the domain of Protozoology the Journal is ver\' strongly

represented. W. Archer, for many years a co- editor, was

a renowned microscopist, and the earlier volumes are en-

riched by his numerous,descriptions of Diatoms, unicellular

Alga? and Heliozoa. Perhaps his most interesting memoir is

that on C h 1 am y d o m y x a 1 a b y r i n t h u 1 o i d e s
,
published in

vol. 15 (1875). A description of an allied species, C. montana,
is given by Sir Ray Lankester in vol. 39. Among names

that are famous we may note that of Otto Biitsclili, whose

researches on the Flagellate Infusoria and allied or-

ganisms ai-e published in vol. 19 (1879). In the same year and

volume T. R. Lewis made known his researches on flagellated

organisms in the blood of healthy rats and his discovery of

the Nematoid Heematozoa of man, and there follows a memoir

in vol. 24 on further observations on flagellated organisms in

the blood of animals. Little more is heard of these organisms

for many years, but in vol. 45 (1902) the subject is revived

by J. R. Bradford and H. G. Plimmer's paper on Try-

panosoma Brucii, the organism found in Nagan:i, or

tsetse-fl}^ disease, and in vol. 49 trypanosomes are again

recorded, along with other organisms, in Castellani and

AVillej-'s observations on Heematozoa in Ceylon. After this

we get H. M. Woodcock's lengthy review of the Hsemo-

flagellates in vol. 50, followed by his studies on Avian

hjemoprotozoa in vols. 50, 58 and 60, and his notes on

Sporozoa in vol. 58. Parallel with these are the papers by

E. A. Minchin in vols. 52 and 53, by Minchin and Woodcock

in vols. 55 and 57, and Minchin and J. D. Thomson in

vol. 60. The recent volumes contain a large output of

pi'otozoological work, and the names of Clifford Dobell, Muriel

Robinson, Annie Porter, H. Pixell Goodrich and C. H. Martin

a,re deserving of special mention among more recent authors.

Protozoology at certain points shades almo>t imperceptibly

into pathology, and the Journal is not deficient in contribu-
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tions to the latter subject. In early clays there are memoirs

by Lord Lister; the last, in vol. 21, is on the relations «>f

micro-organisms to disease. Vol. 24 is enriched by an article

by E. Metschnikoff on the ancesti-al history of the inflamma-

tory processes.

As is befitting in a journal devoted to microscopical

science, a large amount of space,, especialh' in the earlier

volumes, is devoted to histology. In this department E. Klein,

a co-operator in the editorship from 1878 to 1892, stands

pre-eminent with twenty-eight memoirs, the last from his pen

appearing in vol. 36, when several of Sir Eay Lankester's

friends and associates contributed special papers in com-

memoration of the twenty-fifth year of his editorship. The

majority of Klein's papers deal Avith the normal histology of

the tissues, but not a few relate to the histology of patho-

logical conditions, and two at least on the structure of cells

and nuclei, in vols. 18 and 19, cross over the indefinite border-

line that separates histology from its more modern development,

cytology. There are two definitely histological papers by

E. A. Schiifer in vols, 15 and 18, but it is an impossible task

to fix upon this or that paper among the many that have been

published in the last fifty years and say that this or that

memoir is mainly histological. A great proportion of them

are studies in minute anatomy, involving faithful descriptions

of the tissues of animals and plants, and if one should ask

where are the histological memoirs in the Journal, the answt-r

is passim: there are but few in which histology does not

enter to a considerable extent. But there are some which

afford definite landmarks in the course of cytological research,

and among the most prominent of these are that by J. B.

Farmer and J. E. S. Moore on the Meiotic phase in animals

and plants (vol. 48), C. C. Dobell's review and criticism of

Chroniidia and the bi-nuclearity hy[>othesis (vol. 53), C. F. U.

Meek's 'Problem of Mitosis' in vol. 58, K. K. Gates and

N. Thomas's cytological study of species of Oenothera in

relation to mutation (vol. 59), J. 0. W. Barratt and G. Arnold's

uKMiioir on changes in Chondriosomes occurring in })atho]ogiciil
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conditions (vol. 58), and lastly the remarkable memoirs of

J. B. Gatenby in vols. 62 and 63 on Mitochondria and the Golgi

apparatus in the cells of various animals. Of like import are

the careful memoirs of L. Doiicaster in vols. 49, 51 and 58, in

which the methods are cytological, but the aim is the

elucidation of certain problems in gametogenesis. He sums

up the existing state of our knowledge in a masterly essay on

chromosomes, heredity and sex in vol. 59.

In recent years the tendency of zoologists has been to make
increased use of the experimental method in research—

a

tendency which is not so much a new departure as a return

to the practice of older days when animal physiology was not

yet divorced from morphology. There has also been a

parallel movement towards the practice of older days in the

increased attention given to the intensive study of the natural

history of animals, or, as it is now called, "bionomics," a

term first introduced by Kay Latikester in his article

"Zoology" in the 'Encyclopaedia Brittanica,' 1889. These

in many ways closely associated tendencies are reflected

in the pages of the Journal. There are the altogether

admirable researches of B. Grassi and A. Sandias on the

constitution and development of the society of Termites in

vols. 39 and 40 ; the researches of F. W. Gamble and

F. W. Keeble on Hippolyte varians in vol. 43 and on

the Bionomics of Convoluta roscoffensis in vol. 47 ; W.
Garstang's paper on modifications of structure subservient to

respiration in Decapod Crustacea in vol. 40 ; GeofFrey W.
Smith's series of eleven studies in the experimental analysis of

sex, extending from vol. 54 to vol. 60; E. W. MacBride's

studies on the crossing of Echin ocardium cordatum with

Echinus esculent us in vol. 58; C. Shearer's work on

Echinoid hybrids, in conjunction with W. de ^forgan and H.

M. Fuchs in vol. 58, and in conjunction with D. J. Lloyd on

methods of producing artificial parthenogenesis in Echinus
esculentus and reai-ing the resulting plutei through meta-

morphosis, in the same volume. Others rniglit be cited, but

it is not the object of this article to give a complete list and
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mete out equal justice to all contributors. The intention is

rather to pick out in a somewhat random wav such memoirs

as serve to illustrate the character of the ' Quarterly Journal

of Microscopical Science ' during the last fifty years, and to

illustrate the manner in Avhich it has kept pace with and

often set the pace to the various developments of biological

activity that have manifested themselves during that period.

Authors whose names have been omitted will excuse the

omissions when they consider the impossibility of doing

justice to all claims for recognition of good work within the

limits of a short article.

This review, however, would be incomplete if it did not

make mention of two very important auxiliaries to the success

and usefulness of the Journal. Copious and accurate illus-

tration is essential in descriptive zoolog}', and from its

foundation the 'Quarterly Journal' has been generous as

regards the number, insistent as regards the quality of the

lithographic plates illustrating the memoirs. Mr. Tuifen

West was the first and for many years remained the litho-

grapher to the Journal. Occasionally the execution of the

plates has been entrusted to foreign firms, such as MM.
Severeyns of Brussels and "Werner and Winter of Frankfort.

But for many years nearly the whole of the lithographic

work has been in the hands of Mr. Seton Huth, of Cricklewood.

His father's name first appears on the beautifully executed

plates illustrating the memoirs of Mr. William Archer on

P^-eshwater Rhizopoda and of Sir Ray Lankester " On the

Coincidence of the Anus and Blastopore in Paludina," in vol.

12 (1876). Mr. Seton Hutli has rendered devoted service to

the Journal, and his personal interest in its welfare has been

conspicuous during the last four years, when the exigencies

of war created difficulties that seemed almost insuperable.

But they were overcome successfully, and if a falling off in

the quality of the paper was unavoidable the execution of

the drawings shows no deterioration.

Another most important auxiliary is a reliable index. The

first, published in 1890 as part of No. 117, vol. 30, was com-
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piled by Dr. G. H. Fowler, and includes the old series and the

transactions of the Microscopicnl Society np to 1869. The

second, published in 1916 as part of No. 245, vol. 62, is the

Avork of Dr. Helen Pixell Groodi"ich, who folloAved closely the

method adopted by her predecessor. These two indices,

admirable in arrangement and accuracy, are of the greatest

use to all readers of the Journal.

The mere record of half a century's effort and output, while

bearing ample witness to Sir Ray Lankester's energy and

versatility, would of itself fail as a recognition of his services

to British zoologists if account were not also taken of the

genial personal relations established with them through the

medium of his editorship. To each successive generation of

aspirants to the honour of having their early and often

immature work published in the 'Quarterly Journal of Micro-

scopical Science ' he has been a guide, philosopher and friend,

appreciative, fruitful in suggestion, and full of encouragement

towards further efforts. As he has given freely from his large

store of judgment and experience, so he has received in return

the esteem and confidence of an increasing circle of friends,

whose intimacy with him and with one another has contri-

buted largely to the solidarity of British zoologists. On this

fiftieth anniversary thev unite in offering him their cordial

congratulations on the achievement of past years coupled with

their best wishes for those that are to come.

VOL. 64, PART 1. NEW SEKIKS.
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The Pseudopodia of the Leucocytes of
Invertebrates.

By

Edwin ^. Cioodi-icli, F.R.S.,
Fellow of Merton CoUea'e, Oxford.

With Plates 1 and 2.

It is to Wharton Jones that we owe the first comprehensive

account of the leucocytes in the various groups of Inverte-

brata : in an important paper, published in 1846 (6), he

described and figured them as of "stellate appearance/' and

sometimes as shooting out "cilia-like processes." Since

then numberless authors have studied these cells and pictured

them as provided with free outstanding pseudopodia. Evidence

is brought forward in this paper that the spiny appearance

of leucocytes is of the nature of an optical illusion or due to

changes taking place under abnormal conditions, that freely

projecting fine processes are seldom, if ever, produced in the

fluids of living invertebrates, and that the pointed pseudo-

podia so often figured are merely the optical sections of

delicate, more oi- less folded films.

Various authors liave fi-oni tune to time mentioned the

flattened expanded shape of the processes of the leucocytes of

the invertebrates, hs, for instance, Cattaneo (1) and Dek-

huysen (2), referred to below ; but none seem to have realised

that this is the normal shape of the pseudopodia. In 1898 (4)

I drew attention to the presence of membranous expansions

of the leucocytes in tlie Polychaete worm Glycera, and at that

time observed the same structures in other invertebrates; but
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other work prevented ray pursuing the subject, and it was not

till last winter that it was again taken up, when 1 had the

opportunity of confirming and extending my observations at

the Marine Biological Laboratory in Plymouth.

Xo attempt will here be made to describe in detail the

various kinds of corpuscles found in the blood or coelomic

fluid, nor will the present paper deal with their granular

contents. These subjects have been dealt with by many

writers, more especially by Cuenot and by Kollmau, who

gives a very complete bibliography in his excellent memoir (8).

As examples of the Annelida we may take the Polychaete

Arenicola and the 01igocha?te Lumbricus. The coelomic fluid

of Arenicola contains abundant rounded and oval corpuscles,

with others of intermediate form. At first sight the rounded

cells seem to be provided with numerous pointed processes

pi'ojecting in all directions ; but more careful examination

under the oil-immersion lens reveals the fact that these

" pseudopodia " aie in reality but optical sections of mem-
branous expansions of cytoplasm thinning out peripherally to

a very delicate and almost invisible film (PI. 1, figs. 2 a and

b). Here and there the membi-ane is strengthened by a rib,

which appears as an outstanding process under a lower power.

The cells floating in the coelomic fluid of Lumbricus, so

often figured as provided with fine, frequently branching pro-

cesses (Metchnikoff [9],Keng [7]), can, if examined quite

fresh, be seen to throw ont very delicate membranes. These,

being somewhat folded and crinkled, give the a|)pearance in

optical section of long, branching pseudopodia (PI. 1, figs.

3 k, B, c). The membrane of the leucocyte of the earthworm

is thinner than that of Arenicola, hence the processes seem to

be more delicate.

It is difficult to decide whether several independent mem-

branes are produced, or whether the various lobes often seen

passing out from the cell in different planes are really formed

by the complicated folding of a single sheet of cytoplasm ex-

tending originally all round its edge. In Arenicola it is

usually of the latter structure (PI. 1, figs. 1 a, b), and a
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favourite attitude is that shown in PI. 1, fig. 2 a, wliere the

cell and its membrane somewhat resemble a half-opened

flower. On the other hand, in the earthworm the membrane
in freel}' floating cells is much folded and seems to spring

fi'om any point on the surface (PI. 1, fig. 3 b). Frequently

in Lumbricus, as well us in Arenicola, there apjiear to be

several separate outgrowths.

Yei-y similar to the leucocytes of the Annelids are the cells

floating in the blood of the Mollnsca. In PI. 1, figs. 5, 6 and 7 of

the leucocytes of Ostrea and Mytilns showtlie extensive mem-
branes, the thickenings and folds of which yield the deceptive

appearance of delicate pseudopodia.

As Jin example of the Arthropoda we may take the shore

crab, Car cinus masnas. Its blood contains rounded, granular

corpuscles, Avhich may produce a large process at one side

only (PI. 1, fig. 9 b), or various processes projecting in all

directions and tliinning out to delicate films bearing manv
sharp points (Pi. 1, fig. 9 a).

The Echinoderms have long been known to possess very

"amoeboid" ccelomic corpuscles. In his interesting paper on

"Plasmodium" formation (3) Geddes figures the leucocytes of

Echinus as pim-ided with vei-y long, branching pseudopodia,

some of which join so as to encircle a space. In reality no

such processes are pi-esent in fresh corpuscles, and they, like

the ring-like arches, are merely representations of optical

sections of an extensive membrane folded with rounded

surfaces (PL 2, fig. 11). Very soon, however, after the

ccelomic fluid has been removed from the animal the mem-
brane begins to stretch out wing-like films in various directions,

and these soon acquire a jagged edge with sharp points

(PI. 2, fig. 12).

In the above brief review have been selected from the

various groups only a few typical examples out of the large

number of genera examined. They are sufficient to show

that the formation of delicate lamellas of cytoplasm is charac-

teristic of the leucocytes of all the invertebrate Ccelomata.

AVhen the cells are freely floating in a hanging drop the
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membranes are seen to be motile, continually undergoing

change of sliape, and capable of being more or less com-

pletely withdrawn. This motility varies considerably: in

some cases they can be observed to wave about quite quickly,

while in others they seem almost still. Whenever they come

into contact with a foreign object, as, for instance, a glass

slide or a cover-slip, the membranes tend to cling to it and

spread over its surface as a thin film, the edge of which

extends like a drop of oil on water. This well-known habit,

observed by Metchnikoff (9) and many others, is doubtless

related to changes of surface tension, and is of great import-

ance to the animal in dealing with intrusive foreign particles

and parasites entering the body -fluids. Though marked

in Annelids and Molluscs (PI. 1, fig. 5), it is still more pio-

nounced in Crustaceans and Echinoderms, leading most of the

cells to flatten themselves as a mere film over a glass surface.

As shown by Theel (12), a piece of cover-slip introduced into

a living starfish will very soon become almost completely

covered and can then be conveniently stained and mounted

(PI. 2, fig. 14). Tait has recently suggested the name "thig-

mocyte" for these cells in the Crustacea (11).

Moreover, it has long been known that the body-fluids of

the Invertebrata rarely clot (as in the A'^ertebrata and some

Crustacea) by fibrin formation, but more usually by the

gathering together of the leucocytes in irregular clumps and

strands. These are the so-called "plasmodia'" first described

in detail in Echinus b}^ (xeddes (3), who thought the leucocytes

became completely fused and formed a mass comparable to

the Plasmodia of Myxomycetes. But I agree with Michel

(10) that the cells do not really lose their identity, are merely

connected by their hyaline ectoplasmic layer, and are capable

of resuming their independence under certain conditions.

That this very nuirked tendency to form such agglutinations

is due to the presence ot" the membranous extensions des-

cribed above there can be little doubt, and that it is a most

useful property is due to the fact that it serves not only to

close wounds, but also to surround foreign particles or para-
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sitic organisms too large to be dealt with by a single leuco-

cyte (3, 5).

It now remains to be proved, firstly that the membranous
pseudopodia are not artefacts, are not due to contact with

foreign bodies, and are present in the expanded condition on

cells floating in the fluids of the living animal ; and secondly,

that the delicate radiating pseudopodia sometimes seen are

not normally developed in these fluids, and are only formed

under abnormal conditions. For this purpose a technique

must be adopted which will enable us to fix the leucocytes

rapidly in their normal state, without shrinking the mem-
branes beyond recognition. Having tested many of the well-

known fixatives, such as osraic acid, Flemmmg's fluid, Bouin's

fluid, cori'osive acetic, etc., I find the only reagent giving a

satisfactory resvilt is a watery solution of iodine. A strong

solution of iodine in potassium iodide may be used, diluted to

about the colour of sherry with normal saline for terrestrial

and freshwater animals, and Avith sea-water for marine forms.

If desired it can be followed by Bouin's fluid, and the cells

stained and mounted in balsam. Such a solution of iodine

introduced under the cover-slip fixes the finest pseudopodium

or the most delicate protoplasmic film with marvellous

rapidity and precision ; and fluid dropped straight into the

solution from the animal displays the leucocytes fixed in their

natural condition.

Now if this test be applied to the coelomic fluid of Arenicola

the vast majority of the leucocytes are fixed with a wide

sheet of protoplasm extending all round, and giving them

somewhat the appearance of an open umbrella, as shown in PI.

1, fio"s. 1 A and B. Although most of the rounded cells are of

this type, there are many with more or less pronounced

ridges or extended films projecting from the cell-body in

various directions (PI. 1, fig. 1 c). Again, in the earth-

worm the leucocytes are likewise found fixed with mem-
bi'anous extensions irregularly lobed and sometimes of

relatively enormous size (PI. 1, figs. 4 a and b). Similarly

in the blood of Molluscs the membranes are seen to be more



24 EDWIN S. GOODRICH,

or less completely extended (PI. 1, fig. 6). Most stinking of

all, perhaps, is the case of the Echinodenn. In Astei'ias, for

example, all the leucocytes display a much-folded membrane,

bulging iu a characteristic way so as to give them ti vesicular

appearance (PI. 2, figs. 11 a-d) ; but so far as I have been

able to make out the vesicles are not reall}'- closed, but

always have an opening bounded by the thin free edge of the

membrane. On the other hand, the blood of Crustacea

dropped into iodine solution seems to show that in them tlie

membranes are not so much expanded; for although often

quite recognisable in spite of the abundant coagulmn they

are generally short, and maybe represented merely by blunt

pseudopodia—at all events in the species I have studied

(Care in us m sen as, Eupagurus pride auxii, Astacus

•flu via til is).

It is quite clear, then, that in most invertebrates the mem-

branous pseudopodia of the leucocytes are normally expanded

in the living animal, and it is equally clear that these cells are

not provided with fine outstHuding pseudopodia. Although

not prepai-ed to assert that such processes never exist in the

normal body-fluids, I can state that they were not found in

preparations of freshly-drawn material. Nevertheless they

undoubtedl}^ rapidly make an appearance in blood or coelomic

fluid allowed to stand, and may often be of extraordinary

length and tenuity (PI. 2, figs. 13 a, b). Leucocytes floatingin

a hanging drop may thus come to resemble delicate Heliozoa

with fine processes radiating all round them. The formation

of such fine pseudopodia is almost certainly abnormal, and

due to pliysico-chemical changes taking place in the fluid, and

possibly a sign of approaching death. As to their mode of

origin, it seems probable that they are not spun out as free-

growing threads, but are rather the remnants of previously

existing membranes, being the thicker ridges or supporting

folds which remain when the intervening film has thinned out

or retracted. Tlie appearance of certain " thigmocytes,"

such as that shown in PI. 1, fig. 8, strongly suggests this

interpretation, and the dentated edge of the membranous folds
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SO fi'equeutly seen (figs. 9 a and 12) may represent initial

stages in the production of pointed pseudopodia. The leuco-

cytes of Arenicola figured by Dekhuysen appear to be in tliis

condition (2).

The chief results recorded in this paper may be briefly

summarised as follows : The leucocytes of the blood or

coelomic fluid of the invertebrate Coeloniata ai-e provided

with more or less extensive membranous processes of cyto-

plasm. The freely-projecting pseudopodia usually described

are either figured fi-om optical sections of the folded mem-
branes or from cells which have produced them under abnormal

conditions. These fine pseudopodia may be present on cells

in fluid withdrawn from the body and which has been allowed

to stand, and are probably derived from pre-existing mem-
bi-anes. The delicate motile membranous folds are usually

expanded in the normal fluids of the living animal.
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EXPLANATION OF PLATES 1 and 2,

Illustrating Mr. Edwin S. Cioodrich's paper on " The Pseudo-

podia of tlie Leucocytes of Invertebrates."

[All the figures, except fig. 2, have been drawn with the camera

lucida at a magnification of 16u0 diameters.]

PLATE 1.

Figs. 1 A, B and c.—Three oielomic corpuscles of Arenicola grubei,

fixed in iodine. B. in profile : c shows membranes projecting in several

planes.

• Figs. 2 a and B.—Ccelomic corpuscles of Arenicola ecaudata,

drawn from the living. X 1600.

Figs. 3 A, B and c.—Ccelomic corpuscles of Lumbricus herculseus.

drawn fi'om the living.

Figs. 4 A and B.—Two ccelomic corpuscles of Lumbricus, fixed in

iodine.

Fig. 5.—Blood-corpuscle of Os'tvea edulis. much flattened on a

cover-slip ; from the living.

Fig. 6.—Blood-corpuscle of Ostrea edulis. fixed in iodine.

Fig. 7.—Blood-corpuscle of Mytilus edulis, from the living.

Fig. 8.—Blood-corpuscle of Care in us ma?nas. much flattened on

a cover-slip and fixed in iodine.

Figs. 9 A and b.—Blood-corpuscles of Carcinus m ten as. from the

living. A shows two corpuscles agglutinated and floating ; b, a single

corpuscle adhering to glass.

PLATE 2.

Fig. 10.—Ccelomic corpuscle of Aster ias glacial is, fixed in iodine.

Figs. 11 A, B, c and D.—Coelomic corpuscles of Asterias glacialis,

fixed in iodine and Bouiu's fluid, stained, and mounted in balsam.

Fig. 12.—Ccelomic corpuscle of Asterias glacialis in a hanging

drop ; from the living.

Figs. 13 A and B.—Coelomic corpuscles of Asterias glacialis,

flattened out on a slide ; drawn from the living.

Fig. 14.—Two agglutinated ccelomic corpuscles drawn from a cover-

slip inserted into an Asterias glacialis and fi.xed witli iodine.
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Observations on Arachnactis albida,
M. Sars.

By

Oilbert €. Bourne, I^I.A., D.Sc, F.K.S.,

Linacre Professor of Zoology and Comparative Anatomy and Fellow
of Mei-ton College, Oxford.

With Plates 3, 4. and 5.

By the courtesy of Mr. T. A. Stephenson, of the University-

College of Wales, Aberystwyth, I have been entrusted with a

portion of the collection of Anthozoa made by the Department

of Agriculture and Technical Instruction for Ireland, in the

coui'se of marine investigations extending over a number of

years. Among these were several gatherings of Arachnactis
larva?, and I have welcomed the opportunity of resuming

studies which I began, but never brought to a conclusion, in

1889. At that time little was known of the anatomy and life-

history of the Arachnactis larva? of Cerianthus bej-oiid what
was contained in the works of M. Sars (20) and A. Agassiz

(1 and 2), and finding that a species, subsequently named
Arachnactis bournei by Fowler (13), was a constant

element in the plankton collected at Plymouth in the summer
months, I selected and preserved for microscopical study as

many stages as possible, intending to publish a full account

of my investigations of their structure. But hardly was the

material for my projected work collected when I was asked

to allow the late Prof. E. van Beneden to look at it. I

accordingly sent all the specimens of Arachnactis that I

possessed to the distinguished Belgian zoologist, without



28 GILBERT 0. BOUKNE.

attacbiiig any conditions to what I regarded as a loan ot

valuable material. In the absence of such conditions the

loan was taken to be a gift. Prof, van Beneden made prompt

use of the material that I had provided, and within a year

had written the memoir (3) which has to a large extent

formed the basis of his own and other subsequent work on

the subject. I hav^e no complaint to make against an esteemed

and lamented friend. Prof, van Beneden gave me more than

my due share of credit in the matter, and doubtless made

fuller and better use of the material than I should have done

at the time. I only mention the matter now because a survey

of the literature, in which my name occurs pretty frequently,

suggests that I acted as a mere collector of material and

threw away a good opportunity through failure to appreciate

the value of what I had preserv^ed. As it happened, a subject

which I had hoped to make my own passed into other and

veiy able hands, and the collections that I made were the

prelude to the splendid memoir afterwards published by Prof.

E. van Beneden (4) on the Anthozoan larvi» of the ''NationaP'

Expedition. More recently large additions to our knowledge

have been made by Fowler, Carlgren, McMurrich and others,

and the developmental history of at least two species of

Araclinactis has been so fully treated by them that little

seems to be left for any subsequent investigator to deal with.

But the Irish collections that have come into my hands enable

me to fill some gaps in our knowledge of the life-history of

one S[)ecies—A. albida.

The specimens of Araclinactis collected by the Fisheries

Branch of the Department of Agriculture for Ireland may be

divided into two groups.

I. Those from collections made in the Irish Sea in 1910,

fi'om two localities.

Ia. May 3i-d, 1910 ; 17 miles E. ^ S. of Hockabill. N. lat.

53° 39' 30"
; W. long. 5° 32'. Coarse silk and cheesecloth

tow-net at 30 fath. This haul gave fifty-four examples of

Ai-achnactis, all at ap]n-oximately the same stage of develop-

ment, with 9-11 marginal tentacles. The label bears the
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name Araclmactis bournei—a synonym of A. lloydii.

'J'lie specimens collected by me at Plymouth in 1889 were

described by van Beneden (3) as the "larve de Bourne/' but

he did not at first give them a specific name. Subsequently

(4) he identified them as the larval forms of Cerianthus

lloydii, but Fowler (14) has pointed out that this identifica-

tion is conjectural, and proposed the specific name bournei
for this larva. 'J'hese examples from the Irish Sea bear a

close resemblance to others ot a slightly younger age which

I obtained at Plymouth in 1914.

Ib. Five examples, similar to the above, taken ^lay 12th, 1910,

14 miles S. of Hook Light. X. lat. 51° 54'
; W. long. 6° 40'.

Coarse silk and cheesecloth tow-net at 18 fath. Soundings,

38 fath.

I have given in PI. 3, figs. 1 and 2, outline drawings of one

of these larvte, to illustrate the marked difference in form

between them and the cori-esponding stages of Arachnactis
albida, about to be described. The specimen figured has

eleven marginal tentacles, the anterior median tentacle well

developed but shorter than those of the adjacent first couple.

The first, second and third couples of tentacles are fully

formed, the fourth couple much smaller, and the fifth couple

represented by mere nodular swellings. There are only two

couples of labial tentacles, with rudiments of a third couple.

These figui-es should be compared with PI. 3, figs. 12 and 13,

representing equivalent growth stages of Arachnactis
albida. In the latter there are three couples of labial

tentacles, and in PI. 3, fig. 13, rudiments of a fourth

couple.

According to vim Beneden, A. lloydii (= A. bournei
Fowler) is distinguished from A. albida by three sets of

characters, well shown in PI. 3, figs. 1 and 2. (1) The
relatively small size and shortness of the tentacles, which
are pointed-digitiform and Avithout the terminal pigmental

swellings characteristic of albida. (2) By the ovoid and
even cylindrical shape of the body. (3) By the relatively

early appearance of the anterior median marginal tentacle in
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A. bournei, which, he says, coincides in time of appearance

with the fourth couple of mesenteries. I have, however, a

drawing of a specimen of A. bournei, taken at Plymouth in

1914, in which the anterior median marginal tentacle is

distinctly represented by a small outgrowth, but only three

couples of mesenteries are present, and, as I shall show in the

sequel, the time of appearance of the median marginal tentacle

is subject to much variation in A. albida. I must add as a

fourth distinction, also noted by McMurrich, that the labial

tentacles appear earlier and are always more numerous

relatively to the number of marginal tentacles present at any

stage in A. albida than in A. bournei. Thus in PI. 3,

fig. 3, which is a careful drawing of the youngest stage of

A. albida in the Irish collections, and is indeed the youngest

yet figured or described, there are distinct indications of the

presence of two couples of labial tentacles. In my drawings

of corresponding and even later stages of A. bournei from

Plymouth there is no trace whatever of labial tentacles.

Beyond these remarks I have nothing to add to our

knowledge of A. bournei.

II. The second group comprises three different gatherings

made in approximately the same locality, from deep water on

the bank stretching out into the Atlantic west of Bantry Bay.

IIa. Fi'om Station 31 on August 7th, 11^03, fifty miles

W.N.W. of Tearaght; Garstang net at 40 fath. Soundings,

306 fath. This sample comprises several hundreds of examples

of Arachnactis albida in various stages of development,

and has afforded the principal material for this memoir.

Unfortunately the catch was not too well preserved, and came

into my possession in a screw-stoppered jai-, from which spia-it

readily evaporates; so the histological condition, especially

of the delicate younger forms, leaves much to be desired.

Some of the older forms, however, are in a tolerabl}' good

state of preservation.

IIb. Station 1237, 69 miles W. by N. of Tearaght Light.

N. lat. 51° -A'; W. long. 12° 29'. Midwater otter meso-

plankton trawl at about 450 fath. Soundings 569 fath.
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This gathering comprises six specimens of Araclmactis, of

which the largest, obviously much contracted by reagents,

measures 4'5 mm. in length x 3 mm. greatest diameter.

They correspond very closely to the oldest larvae figured

by Boveri (5, Taf. xxi, figs. 5% 5'', 5^) and, like his

specimens, have lost the marginal tentacles almost entirely,

but in one of the Irish specimens the attenuated remains of

two of the larger marginal tentacles are still attached, and

these measure 6'5 mm. from tlie edge of the oral disc to the

tip. These larvae are opaque ; the general colour of the body

in spirit is pink with diffuse dark broAvn pigmentation in the

middle zone.

lie. Station 1242, August 14th, 1911, 56 miles W. i S. of

Great Skellig. N. lat 51° 27' ; W. long. 11° 51'. Mosquito-

net and cheesecloth tow-net on trawl. Soundings, 550—

590 fath.

Presumably the trawl was dragged along the bottom at

this depth, and the tow-net attached to it was set to catch

organisms swimming near the bottom. The catch includes

eighteen examples of Araclmactis of various sizes and ages,

but all with more than five couples of marginal tentacles.

They are obviously identical with the forms taken in catch

IIb, and, like them, have in most cases lost the marginal

tentacles, a ring of perforations marking the places to which

the tentacles were attached. The histology of these speci-

mens Avas satisfactory. They are undoubtedly Araclmactis
albida, M. Sars.

Much has already been written on Arachnactis albida,

but as it is of comparatively rare occurrence and inhabits

seas not continuously searched by naturalists our informa-

tion in respect of it still remains imperfect. The most

recent account is that of Carlgren (9), which follows an

excellent summary of our know'ledge of the spc-cies published

six years earlier (7). In the latter paper he gives the follow-

ing definition of the species (translated) : Alarginal tentacles

long, in earlier developmental stages many times longer than

the distance between the oral and aboral ends of the body.
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Body discoidal in the younger stages, subsequently more

cylindrical with the aboral end rounded off ; finally this part

becomes pointed. The directive tentacle of the marginal

tentacles first appears after the four first marginal tentacle-

couples have attained a considerable length, and after three

couples of labial tentacles and six couples of mesenteries have

been formed. Mesenteries long, in older larva? reaching

nearly to the aboral end; in younger forms the part lying

below the actinopharyns (Schlundrohres) is from half to one-

third the length of the body. Xo food-yolk in the larvje.

The aboral pore is formed late (in the stage with tw^elve labial

tentacles [Fowler] or with seventeen tentacles [Boveri]).

Colour : Extremities of the marginal tentacles, the actino-

pharynx and filaments, brown. Labial tentacles coffee-brown.

The remaining parts of the body colourless, transparent.

Size: Large form—length of marginal tentacles fiom 35 to

40 mm. Length of labial tentacles 3-4 mm. Length of body

up to L5 mm. Diameter of body up to 7 mm. (in preserved

condition).

This diagnosis holds good for the numerous stages that I

have been able to examine, with this exception, that I find the

time of appearance of the directive marginal tentacle subject

to much variation. In some specimens it is distinctl}' growing

out when only two couples of labial tentacles and five couples

of mesenteries are piesent. In other specimens again its

appearance is deferred until seven couples of mesenteries are

present.

The localities and depths at which the Irish collections

were made deserve some attention. Carlgren (7) has given

a full list of the localities from which A. a Ibid a has been

taken up to 1912. Plotting them out on a map, it is obvious

that the centre of distributioii of this species is north of b7'^

N. lat , and lies between the Faroe Islands and the Scotch

and Norwegian coasts. One catch is reported from as far

North as 75° N. lat. and as far east as 32° 18' E. long. Two
catches have been made as far west as 20° W. long. But the

few specimens taken by E. T. Browne (6) in Valentia harbour
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in 1895 and 1897 and all the specimens taken by the Fisheries

Branch of the Department of Agriculture for Ireland come

from a restricted area off the south-west coast of Ireland,

near 51° X. lat., and thus constitute a more southern sub-

centre of disti-ibution. From the fairly constant recurrence

of the species in this more southern area (it has been taken

there in 1895, 1897, 1903 and 1911), one may surmise that the

adult form breeds in the neighbourhood.

In the great majority of cases the species has been found

at or near the surface, and sometimes in swarms, as described

by Vogt (22) and Yanhoffen (21). Fowler (13), who captured

numerous examples in a series of hauls in the Faroe Channel,

regarded albida as a purely epiplanktonic form, though he

records as doubtful (as regards depth) specimens taken in

300, 400 and 480 faths. But the Danish Ingolf Expedition

took specimens at 545 and 625 faths., and, as recorded above,

two of the catches now in my possession came from 450 faths.

and 550-590 faths. respectively. It is clear that 'A. albida,

in its later stages at any rate, is mesoplanktonic.

As stated above, the catch of 1903 at a depth of 40 faths.

contains an abundance of examples of A. albida in all

stages of development. I have been able to make a series

from an individual with four large and two smaller marginal

tentacles and four couples of developed mesenteries up to the

individual depicted in PI. 3, fig. 17, with twelve marginal

tentacles and twenty-one mesenteries. Though various authors

have described many of the stages included in this series, and
Fowler (14) has given a table which includes practically

evei-y stage except the oldest, the information is so scattered

and the illustrations of the growth periods so incomplete that

I propose to give drawings, with brief descriptions of the

more important forms that I have studied, which, as I shall

show, lead up nearly, if not quite, to the sexual form.

The youngest specimen of A. albida yet figured is that

in Carlgren's memoir (7, p. 71, text figure 1*). The youngest

that I could find—and there was only a single example of this

stage—is shown in Fl. 3, fig. 3. It is obviously at an earlier

VOL. 64, f'AUT 1. NEW SERIES. 3
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stage than Cai-lgren's specimen, having four well-developed

and two smaller marginal tentacles; of the latter the right

is, as usual, the larger. Two couples of short, blunt labial

tentacles are clearly present. As shown in PI. 3, fig. 4, the

body is hemispherical, with the aboral end drawn out into a

blunt projection.

Transverse sections (PL 3, figs. 5, 6 and 7) show that this

larva has four couples of mesenteries attached to the actino-

pharynx, and in addition the rudiments of a fifth couple,

represented by two minute ridges in the ventral chamber.

The preservation being indifferent, it is not possible to make

out histological details. PI. 3, fig. 5, shows that there is

already a differentiation between the epithelium of the sulcus

and that of the rest of the actinopharynx. A thickening of

both ectoderm and endoderm in the directive chamber marks

the commencement of the formation of the directive marginal

tentacle, but there is no outgrowth. PI. 3, fig, 6, represents

a section taken just below the level of the enterostome. The

section has passed somewhat obliquely from in front pos-

teriorly, so that the liyposulcus is not shown, but this structure

is at this stage extremely short and hardly differentiated.

The two directive mesenteries d. d. extend aborally for some

little distance below the hyposulcus. They bear no filaments.

The next three couples, viz. the second and third proto-

mesenteries and the first couple of metamesenteries, bear

filaments. The section portrayed in PI. 3, fig. 7, passes

through the body just below the bases of the tentacles, one

of which, however, is included, and shows that the proto-

mesenterial couples II and III and the first metamesenterial

couple extend to a consideral)le distance aborally, but the

directives have disappeared. The second couple is here much

the largest and the filament is enlai'ged and contorted. At

this stage there is no trace of an acontium on the first couple

of metamesenteries, though, as the figure shows, there is a

slight differentiation of the epithelium of their free edges.

Calling this—the youngest albida larva that has yet been

figured or described (unless Fowler's stage A, which he
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tabulates as having ten mesenteries, six marginal, and no

oral tentacles is of tlie same age)—stage A, I will describe

the older forms contained in the Irish collections as a series

of stages B, C, D, etc., taking the number of the mesenteries

as the basis of the series.

Stage B (PI. 3, figs. 8 and 9) has eleven mesenteries—that

is, five couples and one member of the sixth couple. There

are three couples of long marginal tentacles and a couple

of shorter tentacles, of which the right is the larger. The

dorsal directive tentacle is represented by a small knob.

There are two pairs of labial tentacles, of which the more

dorsal couple opens into the third couple of actinocoeles,^ as

was first pointed out hj Boveri. This form is a little more

advanced than Boveri's and a little younger than van Beneden's

youngest specimen of A. albida.

Stage C.—Thirteen mesenteries, i. e. six couples plus the

developing right-hand member of the seventh couple. Four

couples of marginal tentacles, of which the left ventral is

markedly shorter than the remainder. In the specimen

depicted in PL 3, fig. 10, the dorsal directive tentacle is

minute, smaller than in the specimen selected to illustrate

stage B, but in other examples it is much larger, and nearly

as long as the left ventral marginal. Three couples of labial

tentacles, the second predominant in size. The body remains

discoidal in this stage, and the second couple of mesenteries

(counting from the dorsal end) are still predominant in size,

and reach furthest down towards the aboral end. The ecto-

dermal musculature of the body-wall is as yet feeble, though

tliat of the tentacles is well developed. In some examples

of this stage there are traces of a fourth couple of labial

tentacles.

Stage D.—Seven couples of mesenteries, either complete,

or the left member of the seventh couple rudimentary.

Marginal tentacles nine or ten, viz. four couples of larger

' I coin this word as a convenient name for the intermesenterial

chaml)ers in a form which, as in Cerianthidis. has no "exocoeles " and
" endocceles."
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tentacles and generally a very small right member of the

fifth couple, plus the median directive, which varies very

much in development. It may be of considerable size, as in

PI. 3, fig. 12, but in other examples, such as that shown in

PL 3, fig. 13, it may be so small as to be easily overlooked

in a surface view. Three couples of labial tentacles always

present, and in many examples more or less conspicuous

rudiments of the fourth couple.

It is at this stage that important characters begin to make

their appearance, leading from the larval to the sexually

mature condition. The body still remains discoidal, even in

such examples as that shown in PI. 3, fig. 13, and the

longitudinal musculature of the body-wall is still feeble in

comparison with that of the tentacles. But the column is

be""inning to elongate, and it is at this stage that the fourth

protomesenteric couple is first seen to surpass the secoud

couple in length and to show traces of acontial outgrowths

at the aboral ends. At this stage also a considerable advance

is recognisable in the histological differentiation of the

mesenteries and filaments. The fertile become quite dis-

tinguishable from the infertile mesenteries by the different

characters of their filaments, as seen in transverse section.

The endoderm at the sides of the mesenteries becomes much

thicker, and begins to take on the form characteristic of later

conditions and of the adult Cerianthid, and for the first time

minute but distinct germ-cells may be recognised, forming

clumps in close contact with the mesogloeal lamina of meta-

mesenteries 1. Whilst most of the larvae at this stage have

the thin, elongated marginal tentacles which give the spider-

like appearance from which the generic name of the larva is

derived, a considerable proportion are found in the condition

represented in PI. 3, fig. 13, in which the tentacles are

inflated and curved inwards over the oral disc, and the body

is somewhat turgid. Examples in this condition almost

always contain a bolus of food in the actinopharynx, the food

almost invariably consisting of copepotls^ and this appears to

be the stage at which the larvae begin to feed freely on other
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relatively large-sized planktonic organisms. The increasing

histolosrical differentiation is doubtless correlated with the

change in th^ habits of the larva, and the turgid condition of

the full-fed forms is a phenomenon familiar to those who

have kept and studied living Actinians. Thej generally

become turgid after a meal.

No terminal pore is discoverable in any example of

Stage D.

Stage E (PI. 3, fig. 15).—Eight to 8^ couples of mesen-

teries. ^Marginal tentacles eleven or twelve, viz. one directive,

now nearly equal in size to the largest of the remainder ;

four couples of larger and one couple or one and a-half

couples of smaller tentacles at the posterior end. Labial

tentacles, 4 couples, the last couple small.

The larvae at this stage have increased considerably in size,

and the majority of them are turgid and contain food. The
body is now dome-shaped or ovoid and has increased in

length. The acontia on metamesenteries 1 are conspicuous,

and the mesenterial filaments on protomesenteries III and on

metamesenteries 2 are long and much convoluted. At this

stage the first couple of metamesenteries is already longer

than the third couple of protomesenteries. The actino-

pharynx has increased in length, and the hyposulcus is

relatively long. Hemisulci are pi*esent. The body-wall is as

yet thin and its ectodermal muscular and nervous layers

feebly developed. There is no terminal pore. Germ-cells,

not much advanced beyond those of the previous stage, are

recognisable in the first and third metamesenterial couples.

This is the earliest stage in which I could detect Carl^ren's

muscles, i.e. the longitudinal muscles on the posterior faces

of the mesenteries in the actinopharyngeal region. A few

specimens of this stage occur in the deep water catches ; it is

very numerous in the epiplanktonic catch.

Stage F (PI. 3, fig. 16).—Nine couples of mesenteries.

Marginal tentacles thirteen, consisting of one large directive,

five couples of large and one ventral couple of small tentacles,

the right being much larger than the left. Labial tentacles
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ten the last couple very small, and there are traces of a sixth

couple.

This stao^e represents a considerable advance on the pre-

cedino-. The body is elongated and cylindrical, its walls are

thick, and the muscular and nervous layers of the ectoderm

are conspicuous. The external ectoderm of the body-wall is

now full of the large nematocysts Avith an irregularly con-

voluted thread characteristic of Cerianthids. 'i'he histological

differentiation of the sulcus, hyposulcus, mesenterial filaments

and endoderm lining the body cavity is noteworthy. Most

conspicuous is the increase in the number and differentiation

of the germ-cells. In the first and third couples of meta-

mesenteries there are now numerous ova with a large

vesicular nucleus and deeply staining nucleolus. Alongside

of these are groups of germ-cells in the nuclei of which

mitotic figures are discernible, but the state of preservation

did not admit of the study of details of the mitoses. From a

comparison with later stages it is pi-obable that these clusters

of dividing germ-cells are destined to give rise to spermatozoa.

The terminal pore is now present, and its time of appearance

seems to coincide with the full development of the ectodermic

musculature of the body-wall. The pore and the strongly

developed muscles are doubtless correlated, the pore serving

to relieve the internal pressure set up when the walls of the

body are powerfully contracted.

Stage F is abundant in the epiplanktonic catch and also

occurs in the mesoplanktonic deep-water catches.

Stages G and H.—I class under these all forms with

nineteen or twenty (stage G) and twenty-one (stage H)

mesenteries. In other respects there is very little difference

between these two last stages. They have generally from

sixteen (stage G) to eighteen marginal tentacles and ten

labial tentacles. They all show fully developed Cerianthid

characters, with a thick body-wall having strongly marked
muscular and nervous layers—a well-marked terminal pore,

and in all two couples of mesenteries, viz. the first and
third couples of metamesenteries, bear gonads in a more
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or less advanced stage of development. These stages

occur in both the epiplanktoiiic and meso-planktonic

catches, but are relatively scarce in the former and pre-

dominant in the latter. PI. 3, fig. 17 shows the largest

and most complete example taken in the epiplanktonic

catch. It is obviously much contracted in spirit and its

total length is only 17 mm., the body measuring 9 mm. in

length with a diameter of 2 mm. This particular exnmple has

all its marginal tentacles intact, and foi- this reason was

chosen for illustration, but it is probably only an early con-

dition of stage G. In the corresponding and later stages in

the epiplanktonic examples the marginal tentacles are in the

process of being cast off, and more or fewer are always

missing. The contents of the jar consisted largely of cast-off

tentacles. The mesoplanktonic examples have without excep-

tion cast off their marginal tentacles, only attenuated threads

remaining here and there in a few cases. After examining

with some care the cast-off tentacles and the scars marking

their former attachment to the edge of the oral disc, I have

come to the conclusion that the marginal tentacles in this

species are autotomous, and are normally cast off when the

animal approaches sexual maturity and descends from the

epiplankton down to the depths. One reason for this opinion

is that the edges of the scat s, which are really perforations

leading freely into the actinocceles, are not ragged as they

would be if the tentacles had been torn off in the net, or as a

consequence of the rapid change of pressure in the course

of the ascent from deep Avater to the surface. On the

contrary, there is a thickening of the mesogloea all round

each perforation, and the ectoderm passes as conformably

into the endoderm at the edges as it does, for instance, in a

mesenterial filament. Secondly, the cast-off tentacles show

no signs of rough usage, but are mostly plump and retain

their shapes, but in every case there is a marked constriction,

deep enough to close the tentacular cavity, at the basal end,

indicating a violent local muscular contraction which has

severed the tentacle from its attachment. Thirdlv, there is
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the consideration that these large marginal tentacles are

clearly the organs of locomotion of the epiplanktonic phase of

existence ; from their inflated character it may be inferred

that they function largely as hydrostatic organs, and they

would not only be useless, but actually a hindrance to the

descent of these organisms into deep water at the onset of

sexual matui-ity.

For there is no longer any doubt that the deep-water forms

are verv nearly, though I cannot say quite, sexually mature,

and I can corroborate and amplify Yanhoffen's (21) observa-

tions and remarks on tliis subject. I may say in this connec-

tion that it seems to me very probable that the floating

actinian captured and figui-ed, but subsequently lost, by Vogt,

was really an Arachnactis a Ibid a in stage G or H. It is

true that Yogt's drawing, made on board ship under con-

ditions unfavourable for study, is obviously inaccurate. The

smaller tentacles, which maybe taken to represent the labials,

are attached to nowhere in particular, and there are other

obvious errors. But Yogt's figure bears so close a resem-

blance in outline to Vanhtiffen's careful drawing, and the

locality and conditions under which Yogt made liis capture

agree so well with all that we know of the distribution and

habits of Arachnactis, that I cannot agree with the summary

manner in which Boveri (5) dismissed this form as clearly

belonging to some other genus, albeit subsequent authors,

with the exception of Yanhoffen, have nearly universally

accepted Boveri's criticism. On the other hand, it seems to

me extremely impi'obable that Yogt really saw ciliated larvae

within the body-cavities of liis specimens. What he probably

saw was a bolus of food kept in motion by the cilia of the

filaments. In several of my specimens there is a globular mass

of half-digested food which, at a first glance, might well be

mistaken for an embryo- in the living form.

Yanhoffen described and figured, but none too exactly, ova

in the fertile mesenteries of his specimens. As he only

describes and figures fifteen marginal tentacles his examples

cannot have been much older than my stage F, in which, indeed,
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developing ova are distinguishable, but not far advanced.

Fowler states briefly that generative cells make their first

appearance in his stage I, with nineteen mesenteries and some

fourteen marginal tentacles. I have already shown that they are

recognisable at a much earlier period. What is of more impor-

tance is that in my stage H,with twenty-one mesenteries, I have

found both ova and spermaries, as shown in PI. 4, fig. 21.

The drawing (which does not include ova of the largest size)

shows that the ova at this stage are in a fairly advanced stage

of development with large pale vesicular nuclei, a sparse and

feebly staining chromatic reticulum and a large deeply stained

nucleolus. The spermaries are evidently immatui-e, and the

cells in them may be regarded as spermatogonia. In no

case have I found ripe spermatozoa. These examples, all of

which came from the deep-water catches, are therefore not fully

sexually mature, though more advanced than any specimens of

A. albida yet recorded. One Avould say that they cannot be

far removed from sexual maturity, and the question arises

whether these deep-water stages which have cast off their

marginal tentacles and have twenty to twenty-one mesenteries

may be regarded as the adults of Arachnactis albida?
It is no longer possible to dismiss this question summarily, on

the ground that these forms are pelagic and that all sexually

mature and adult Cerianthids are sedentary, for we now
know that this generalisation is incorrect. Gravier (15)

lias described in detail, under the name of Dactylactis
benedeni, a pelagic Cerianthid taken by M. Leon Diguet in

the Gulf of California. He is explicit : the spermaries in his

examples contained ripe spermatozoa, so there can be no

doubt that this species is sexually mature, and yet an epi-

planktonic form, for it is expressly stated of M. Diguet's

collections that they " nageaient en nombre considerable dans

les couches superficielles, a la surface meme ou a une faible

profondeur . . . ; la plupart d'entre eux possedent des

elements reproducteurs completement developpes ou tres

voisins de I'etat de maturite."

It would therefore be reasonable to claim that the meso-
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planktonic and nearly sexually mature forms taken at depths

of 450 and 550 fatlioms oil the coast of Ireland in 1911

represent the hitherto unknown adult form of Arachnactis

a 1 b i d a

.

But Carlgren (9) has pointed out close resemblances be-

tween the older forms of A. albida and a sedentary Ceri-

anthid dredged from a depth of 140 fathoms in the Trondjhem

Fiord, and named by him Arachnanthus sarsi. Without

committing himself to a definite assertion, Carlgren considers

that it is liighly probable that Arachnanthus sarsi is the

adult foim of Arachnactis albida.

He gives the following critical characters in his diagnosis

of A. sarsi (loc. cit. p. 27) :

(1) Stomatodffium of medium length, with very loug hypo-

sulcus that reaches past the middle of the animal and exceeds

the stomatodaeum in length.

(2) The dii'ective mesenteries comparatively long, but

extending further than the middle of the hyposulcus.

(3) Pi'otomesenteries of the second cycle of the length of

the hyposulcus, probably sterile, without cnido-glandular tract.

(4) Protomesenteries III about the length of the directive

mesenteries, with ver}- short ciliated tract region and a very

long cnido-glandular tract region.

(5) The metainesenteries of the second cycle almost as well

developed as those of the first.

(6) The oldest mesenteries of the first and second cycle

long, reaching not quite down to the aboral en<l of the

animal, fertile, with long ciliated-tract region. The first

metamesentery on each side with an acontium.

(7) The metamesenteries of the third (B) and fourth (b)

cycle short, about the length of protomesenteries 3, sterile,

with very short ciliated-tract legion and very prolonged

cnido-glandular tract ; b slightly shorter than B.

(8) The musculature of the mesenteries comparatively well

developed.

I have examined fifteen examples of Arachnactis albida
with from eighteen to twenty mesenteries and five or six
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couples of labial tentacles, some by transverse sections and

others by dissections, such as that shown in PL 4, fig. 19,

and find the following points of agreement and difference

between this species and Arachnanthus sarsi:

(11 The hyposulcus, or, as I shall call it in future, the

hyposulculus, in A. albida reaches past the middle of the

animal, but is very variable in length relativ^ely to the actino-

pharynx (stomatodasum). Usuall}'^ it is of about the same

length; it may be a trifle longer, but is as often decidedly

shorter. These differences obviously depend on the state of

contraction of the example under observation.

(2) In all my examples the directive mesentei'ies extend

to, and ai-e somewhat prolonged beyond, the aboral end of

the hyposulculus. This is a difference of capital importance.

(3) In A. albida protomesenteries II are always consider-

ably longer than the hyposulculus, are sterile, but have a

Avell-marked cnido-glandnlar tract forming a compact coil at

their aboral extremities. This ia a constant feature, and the

transition from the ciliated-tract region to the cnido-glandular

tract region can clearly be seen in sections. This is a second

distinction of cnpital importance between Arachnactis
albida and Arachnanthus sarsi.

(4) In A. albida protomesenteries III are decidedly longer

than the directives, reaching aborally about as far as the

end of the ciliated-tract region of protomesenteries II.

(5) In this feature A . albida agrees Avith A r a c h n a n thus
sarsi, and also generally in 0, 7 and 8.

The differences are sufficiently great, yet there are many
points of resemblance. In Arachnanthus, as in my oldest

examples of Arachnactis albida, there are twenty-one

mesenteries, and in both species the three smallest do not

bear filaments. In both species there is no labial tentacle

over the directive actinoccele, nor over the two adjacent

actinocceles. In both there is a well-developed acontium at

the aboral ends of the first couple of metamesenteries.

Further, it is worthy of notice that the single known example

of Arachnanthus sarsi had no trace of tentacles, and I
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have shown that, as they approach sexual maturity, the larger

forms of Arachuactis albida lose their marginal tentacles,

and, as it would seem, sink to considerable depths, there to

become fully mature. In most of my examples the labial

tentacles were present and conspicuous, but in one or two of

the largest taken in deep water these had also disappeared—
whether torn off or cast off I am unable to determine.

From the evidence before me I think I am justified in

constructing the following life-history of Arachnactis

albida: The youngest larva? appear at about midsummer

and are epiplanktouic, swimming at or near the surface by

the aid of their long tentacles (Yanhoffen, 21). As is couimonly

the case in epiplanktonic organisms, they appear in shoals, in

this differing from A. bournei, which in my experience

never appears in shoals, but foims a somewhat infiequent

element in epiplanktouic catches, and is taken in small numbers

at a time. At first of small size, the larval A . albida grows

rapidly, and on arriving at a stage with thirteen to fourteen

mesenteries and ten marginal tentacles it feeds greedily on other

organisms of the epiplankton, chiefly copepods, iu the late

summer months. Towai-ds the onset of autumn it has attained

nearly its full growth, having fifteen to eighteen marginal and

ten to twelve labial tentacles, with twenty to twenty-one mesen-

teries. Itthen throws off' itsmargiual tentaclesandsinkstowards

the bottom, and by tlie time that it has reached a considerable

depth its ovaries and spei-maries are in a fairly advanced

stage of development. It is adolescent, if not fully adult.

This brings us to the autumn months, and it remains a matter

of conjecture what form it assumes and what is its habitat

during the winter. That it enters upon a period of winter

rest can hardly be doubted, for the young larvae do not

reappear until the following spring. We do not know
whether it buries itself in the sea-bottom, as do other

Cerianthids, or whether it remains as an element of the

mesoplankton near the bottom—moie probably the latter, as

no examples have been recorded as taken by the dredge in so

w^ell-explored an area as the banks off the south-west coast
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of Ireland. However this may be, it seems certain that it

develops its ova and spermatozoa—like most other Cerianthids,

Arachnaetis albida is monoecious—in the warmer Avaters

of considerable depths during the Avinter months, and in the

spring the fertilised ova are discharged and the developmental

cycle begins again.

If I am right in claiming, as I do, that the deep-water examples

with twenty to twenty-one mesenteries, ten or twelve labial

tentacles, a thick ectodermic musculature and gonads in a

fairly advanced stage of development, are the adult forms of

Arachnaetis albida, and undergo little further change

beyond the ripening of the sexual products, then this species

is certainly not identical with Arachnanthus sarsi, as

described by Carlgren. The differences in the protomesen-

teries, recorded above, are sufficient to separate the two. At

the same time the resemblances are many, and one cannot

doubt the coi*rectness of Cai-lgren's conclusion, that "A.
albida is a larval form falling under the same genus as

Arachnanthus, which cannot be said of Arachnaetis
bournei and brachiolata." It is possible that the dis-

covery of new examples of Arachnanthus sarsi may result

in the disappearance of the anatomical differences which at

present separate it from A. albida. Carlgren tells us that

he " did not like to dissect fully the one specimen he had for

study, especially as the mesenteries were not ver}- well pre-

served." As the differences noted depend on mesenterial

characters, further and better opportunities for study may
show that they are non-existent.

But the possibility must not be ignored that the larvse and

adult or quasi-adult forms taken off the south-west coast of

Ireland belong to a species or sub-species distinct from A.

albida. In the first place, they come from a well-defined

area several degrees south of the equally well-defined area of

distribution of the more noi-thern forms. Secondly, there is

a considerable disparity in size. The largest examples taken

by Yanhoffen measured, after preservation in spirit, 15 mm.
in length of body; the marginal tentacles measured 35 to
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40 mm. in length. The largest examples fi'om the Irish

collections measure 9 mm. in length of body, with a tentacle

length of 22 mm. Thirdly, I could not find any trace of the

deep, chocolate-brown coloration of the labial tentacles and

actinopharynx described by Tanhoffen for A. albida, and

also characteristic of the mouth and actinopharynx of

Arachnanthus sarsi. The colour may have been dissolved

out in spirit, but the body-w^alls retain a considerable amount

of brown pigmentation, and if it persists here, why not in

the labial tentacles ? In all my specimens these latter ai*e

brilliantly white. There are also small anatomical and

histological differences, to which I shall refer further on, and

all these facts taken together warrant my describing the Irish

forms as a distinct variety or subspecies under the name

Arachnactis albida var. hibernica, with the characters

enumerated above. I am further of the opinion that the

differences in size, colour (?), distribution and minute ana-

tomical detail are accompanied by a change of habit, and

that the evidence at our disposal points to the conclusion

that the adult hibernica does not bury itself in the sand,

but remains a member of the mesoplankton during the ripen-

ing of its sexual products and to the end of its individual

existence, which I opine terminates with the discharge of its

ova and spermatozoa. In support of this view, I may remind

my readers that some of the largest and most mature examples

in ray possession were taken in a mesoplankton net at a

depth of 450 fathoms, but 111 fathoms from the bottom of

the sea.

If I am right in this opinion, the life-historj' and habit of

hibernica is intermediate between that of the epiplanktonic

Dactylactis benedeni described by Gravier and that of

Arachnanthus sarsi, supposing the last-named to be, as it

most probably is, the adult form of Arachnactis albida.

In his classical memoir on Cerianthid larvae van Beneden has

recorded the presence of germ-cells in Dactylactis armata
and in Ovactis brasiliensis. In the latter species they

ai*e in a very early stage and no better developed than in my
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stage D of Arachnactis, but in the former species they are

of sufficiently large size to indicate the approach of sexual

maturity. I venture to predict that it will be found that

several of the pelagic Cerianthids attain the adult condition

whilst still epiplanktonic, others passing from the planktonic

to the more typical sedentary habit of adult Cerianthids. If

this be so—and we now know of at least one case in Dacty-
lactis benedeni—it is only consistent with analogous

phenomena in not very distantly related organisms—the

Hydrozoa. In this group, as Weismann showed, the increas-

ingly early development of the sexual products has led to

a parallel change of habit in several families of the Hydroids,

the advantage gained by early maturity more than compen-

sating the disadvantage involved in the suppression of the

free-swimming Medusa stage, whereby the ova were widely

distributed. In the Cerianthids, the advantage gained by
early maturation of the sexual products leads to a chancre of

habit in an inverse direction. It is the sedentary form that

is in process of elimination, whilst the pelagic phase assumes
increasing importance. In instituting this comparison, I do
not forget that Dactylactis benedeni, with its long direc-

tive mesenteries, acontia on the third as Avell as on the first

couple of metamesenteries, and labial tentacles in the actino-

cceles adjacent to the directive, is structurall}' different from
Arachnactis, and cannot be regarded as forming part of the
same evolutionary series. But this is only consistent with

the changes observed in Hydroids, in which group parallel

changes are observed in the life-histories of several different

families.

Anatomy and Histology.

This subject has been dealt with in great detail by van
Beneden (3 and 4), Vanhoffen (21), and more lately and most
fully by Carlgren (8 and 9). Though I have a few observa-

tions to offer, I shall not attempt to traverse all the ground
that has already been so thoroughly explored.
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Symmetry and Orientation.—It is necessary to justify

and explain the position I have taken up and the terms that

I have selected for use in the preceding pages, because

previous authors differ very much from one another on these

matters. Only recently, McMurrich (18 and 19) has given

lengthy and most respectable arguments in favour of using

the terms " dorsal" and " ventral " in a sense exactly inverse

to that in whicli they are used by Carlgren. I have never

found myself able to accept the homology, originally pro-

pounded by Caldwell and Sedgwick, and vigorously supported

by van Beneden as a consequence of his researches on the

development of Ceriantharia, between the successive!}^ formed

actinocoeles of the Anthozoa and the paired and unpaired

coelomic cavities of Annelids and Chordata. The arguments

advanced in support of this hypothesis are extremely ingenious,

and have a great attraction for those who conceive it to be

the province of the zoologist to construct a system of

speculative phylogenies. But whilst recognising the intel-

lectual pleasure derived from this form of mental exercise, I

cannot but regard it as altogether outside the domain of

reality. The arguments brought forward are not susceptible

of proof or disproof ; they are only capable of sustaining a

greater or less amount of probability, and when pushed to an

extreme, the improbability largely preponderates over the

probability. The " architectonic "—to borrow a word from

German authors—of the Anthozoa and such phyla as the

Annelida and the Chordata is so fundamentally different;

the final result of the developmental history is so radically

dissimilar, that 1 am convinced that we are dealing with

things which, as the logicians say, are not in pari materia,

and I cannot regard speculations as to the common origin of

their characteristic structures as serious contributions to

science, the more so because we are leaining daily, from

the school of genetics, that imaginary evolutionary series,

apparently founded upon a series of demonstrated facts, break

down altogether when confronted by the actual sequence of

events as proved by experiment. The human intellect, how-
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ever powerful and imaginative, is not only liable but certain

to err in the attempt to i-econstruct in detail long lost series

of sequences, and I am disposed to say of this form of

zoological speculation what Roger Bacon said long ago of

other philosophical works: "Non est nisi amissio tem-

poris studere in illis et multiplicatio ignorantiae et

causa erroris."

For this reason I must discard van Beneden's identifica-

tion of anterior and posterior, dorsal and ventral surfaces.

It does not correspond to the natural position assumed by the

animal, for Arachnactis does not swim, as van Beneden

supposed, mouth downwards, but mouth upwards. Thus

Vanhoffen says :
" Die weissen runden Randtentakeln mit

briiunlicher Spitze sah man weit ausgebreitet an der Obei'-

flache des Wassers wahrend der riibenformig langgestrechte

oder kugelig contrahirte Korper senkrecht dazu herabhing."

It is better, I think, to adopt the conventional orientation

originally proposed by Kolliker, and to use the terms

" dorsal " and " ventral " in the sense adopted by him. I

should have preferred to adopt a more logical system and to

make use of the descriptive terms " sulcar " and " sulcular
"

to define the opposite ends of the long axis of the actino-

pharynx, as I proposed many years ago, but the majority of

authors seem to prefer the conventional though meaningless

nomenclature, and it is best to conform to the prevailing

practice.

'I'he question then arises which is the " dorsal " and

which the "^ ventral" aspect of a Cerianthid ? I have no

hesitation in ranging myself on the side of Carlgren,

McMurrich's special pleading notwithstanding. The single

oesophageal groove of Cerianthids is " dorsal," and the

opposite aspect, where new metamcsenteries are added, is

" ventral." Hence the oesophageal groove of Cerianthids

corresponds to the sulculus, not to the sulcus, of Hexactinians,

and I have called it l)y that name. Is not Carlgren himself

inconsistent when he applies the name, " siphonoglyph " to the

dorsal groove of Cerianthids ? The term " siphonoglyph " was

VOL. 64, I\\KT 1. NEW sERit:s. 4



50 GILBERT C. BOUEXE.

invented by Hickson to denote the ventral groove of

Alcyonarians. For the rest, Car]gren's argument on this

subject appeal's to me irrefutable, and it is not necessary for

me to repeat it. I only take this opportunity of stating that

I fully confirm his account of the arrangement of the

musculature on the faces of the mesenteries in Arachnactis.

The longitudinal muscles are on the ventral faces of all the

mesenteries, including the directives, I had made drawings

illustrating this point, but they so precisely resemble

Carlo-ren's (9, tab. v, fig.- 8) that it is not worth ^Yhile to

publish them.

Having settled the use of the terms " dorsal " and "ventral"

it is necessary to explain my use of the terms "right"

and "left." I use them in a purely descriptive sense, the

animal being supposed to be placed mouth upwards with

the dorsal or sulcular aspect furthest from the observer.

They thus correspond with van Beneden's use of them, but

without any implication as to anterior and posterior ex-

tremities.

Lastly, I am in full agreement Avitli Carlgren's view tlnit

the first three couples of mesenteries, counting from the

dorsal side and including the directives, are the primary or

protomesenteries, and that all the succeeding couples ai*e

secondary or metamesenteries. His arguments in favour of

this view seem to me unassailable.

The Mesenteries.—As regards their general arrange-

ment, succession, and differentiation into alternate fertile and

infertile couples, I can only confirm the accurate observations

of Boveri, Faurot, van Beneden and Carlgren : Yanhoffen's

attempt to demonstrate an entirely different sequence of

mesenterial development to that described by Boveri and van

Beneden has already been sufficiently criticised by the two

last-named authors. As I have pointed out, the full

histological differentiation of the mesenteries begins at the

close of stage C, and is nearly complete in the protomesen-

teries and in the first couple of metamesenteries in stage D.

Prior to this the mesenterial filaments, excepting those of
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pvotomesenteries II, are not more differentiated than they

are in the second and third couple of inetamesenteries as

shown in PL 4, fig. 20. It will be noticed in this fignre

that the endodenn on the lateral faces of the mesenteries is

still very thin. It is at this stage that I find the first evidence

of the larva) beginning to feed on Copepods, and immediately

afterwards the endoderm takes on what may be called its

adult character, and consists of very long highly vacuolated

cells, with various inclusions, such as nematocysts and

trophocytes, which I shall deal with further on.

'J'he section in PI. 4, fig. 20, passes through the hyposulculus,

to which the directive mesenteries are attached. The second

couple of protomesenteries have the characteristic T-shaped

filament of the ciliated-tract region. Of the third couple of

protomesenteries the section through the right-hand member
passes through the ciliated tract region, which, it will be

observed, is slightly different in outline from the corresponding

region in the second couple of protomesenteries. On the

left hand, .the section passes tlirough the cnido-glandular

tract region of the third couple of protomesenteries. Tlie

first cou]ile of metamesenteries have conspicuous T-shaped
filaments, but the second and third coui^les of metamesenteries

have as yet small and undifferentiated filaments.

Without going into further details, I can confirm all that

previous authors have observed. As successive couples of

metamesenteries are added in the ventral actinocoele they

are differentiated into alternate fertile and sterile couples, the

couples bearing an odd number being fertile, those bearing

an even number, sterile. The two kinds can easily be
distinguished, at a short distance below the entcrostomc, by
the different shape of the filaments in cross section. The
filaments of the fertile mesenteries are invariably T-shaped
and the angles formed by the limbs of the T are lined by
relatively large cubical cells, with largo deep-staining nuclei,

and bearing long cilia. These are the " ciliated tracts " of

the authors, but a more appropriate name would be "ciliated

grooves." In all my examples with sixteen mesenteries and
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upwards I have found germ-cells, in a more or less advanced

stao-e of development, in the first and third couple of meta-

mesenteries, very early germ-cells in the fifth couple of

metamesenteries, hut none in the second couple of proto-

mesenteries. I have also noticed a distinction which seems

to have escaped the attentioji of other observers. In the

second couple of protomesenteries and in all the meta-

mesenteries designated by an odd number, except the very

youngest, the lateral endoderni of the mesenteries contains

large sausage-shaped nematocysts, different from those occur-

ring in other parts of the body. The alternating couples of

mesenteries, i.e. the sterile couples, are altogether devoid of

these nematocysts. By way of contrast I have placed one of

these nematocysts alongside two large nematocysts, one from

an acontium, the other from the cnido-glandular tract of a

filament, in PI. 8, fig. 18 a, b and c. The nematocysts from

the endoderm of the second couple of protomesenteries and

from the fertile metamesenteries are half as long again as

the others, are curved, and the axial thread and spiral filament

are placed eccentrically nearest the convex side of the

capsule. They stain bright green in picro-indigo-carmine,

the capsule and its contents of a transparent light green,

the thread and axis darker green, and are very conspicuous

objects. In sections stained with hajmatoxylin and eosin they

are coloured pink, but are not so clearly differentiated as by

the picro-indigo-carmine stain. What their function and

significance may be I cannot tell, but since they are con-

stantly present in certain coviples of mesenteries and as

constantly absent in the other alternating couples, they must

be correlated in some way Avith the other structural and

physiological characters that distinguish the alternate couples.

The only other general rema^rks that I have to make about

the mesenteries are the following:

The directive or first protomesenterial couple are short, but

continued a short distance below the lowest limit of the

hyposulculus, and are attached to the short hemisulei. I

confirm Carlgren's observation that tlie so-called filaments on
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these mesenteries are really continuations of the hemisulculi :

in fact " hemisulculus" is only another term for the somewhat
specialised filament of the directives. Below the hemisulculi

the directives have no filament, nor even a craspedion.

Their edges are covered by slightly enlarged but otherwise

undifferentiated endoderm cells.

The second couple of mesenteries has a very long ciliated-

tract region, extending far below the lowest limit of the

hyposulculus, towards I he aboral end of the body. This

ciliated-tract region is quite straight in fully expanded

examples, but in contracted examples may be so sinuous as

to resemble the convolutions of the cnido-glandular tract-

region. At their aboral extremities the ciliated-tract region

of the second protomesenteries passes abruptly into a cnido-

glandular tract region, which forms a conspicuous and compact

coil. The protomesenteries of the second couple never contain

germ-cells, but, as I have observed, always exhibit the large

sausage-shaped nematocysts in the eildoderm covering their

faces. This couple is in many ways intermediate between the

fertile and sterile couples of the metamesenterial series, and

it is perhaps a legitimate speculation that in some ancient

" Cerinula " ancestral form with only three couples of mesen-

teries they were the fertile couple, but have since lost this

function.

The third couple of protomesenteries has a short ciliated-

tract region and a long, much convoluted, cnido-glandular

tract region. They are of constant length, reaching aborallj^

as far as the ciliated-tract region of the second protomesen-

terial couple. The first couple of metamesenteries is the

longest in the body, extending nearly as far as the aboral

pole. These mesenteries are always fertile, have a very long

ciliated-tract region, normally straight, but puckered into

numerous coils in contracted examples; no cnido-glandular

tract region, and they end in the shoi't digitiform offsets

generally known as acontia.

The second cou[)lo of metamesenteries have the same

structure as the third couple of protomesenlci-ics, and are
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about as long as the latter. lu some sectional series tliey

appear to be i-atlier longer.

The third couple of metamesenteries is, if anything, a trifle

longer than the second couple. It is always fertile, and,

saving that it has no acontia, is in every respect similar to

the first couple.

The .fourth couple of metamesenteries is scarcely more than

half as long as the second couple, is sterile, and presents the

same characters as the last-named. The sixth couple is

similar, but extends a very little way below the enterostome

and has a very short cnido-glandular tract.

The fifth couple of metamesenteries is shorter than the

fourth, and does not contain developed germ-cells in any of

my preparations. But it is possible to detect clumps of cells

either closely adherent to, or included within, the mesogloeal

laminn, and as these exhibit mitotic figures, they are doubtless

early germ-cells. This couple of mesenteries probably be-

comes fertile in individuals older than any that I had for

examination

.

In examples in which the seventh and a member of the

eighth couple of metamesenteries were present, these did not

extend down to the level of the enterostome and showed no

trace of filaments.

The Mesenterial Filaments.—These structures, as seen

in A. alb id a, were concisely and accurately described by

Fowler (13) in 1897. More recently Carlgren (19) has studied

them in great detail, giving a comparative account of their

histology in different genera and species of Cerianthida>, and

dealing with the nomenclature of the various regions into

which a filament, whether of a fertile or sterile mesentery,

can be divided according to its histological characters. I

liave,not found this account easy to follow. The facts are

correctly described, but the terms "region," "tract," "streak''

and " groove " arc so loosely defined and so capriciously

applied that the meaning is often obscure. I venture to

a))ply a revised and exact nomenclature to a summar}' of

CarigriMi's exjiositicni. The name "craspedon" was originally
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given by Gosse to the whole mesentei'ial filament of an

Actinian. It is derived from the Greek KoucrTn^ov, an edge

or hem, and on etymological and other grounds it is better

to use it in its original signification rather than limit it to

any specialised part of a filament. At a later date the

brothei'S Hertwig (17) demonstrated that a craspedon has

not a uniform structure throughout, but diifers in histological

and other characters in the oral, the middle and the aboral

regions of its course. In the Cerianthidse the more aboral

region is straight, or neai-ly so. This may be called the

orthocraspedon. There follows a much coiled region, to which

the name "plectocraspedon'' {TrXfKTot;, twisted) may be given.

The terminal or most aboral region, if it has special cha-

racters, may be called the " telocraspedon."

The Hertwigs farther described three longitudinal streaks,

stripes or tracts in the craspedon. A middle " Driisenstreif,"

afterwards known as the cnido-glandular tract, and on either

side of it a "Flimmerstreif," afterwards known as the ciliated

tracts. It will save confusion if the term " tract " is strictly

limited to these linear differentiations of the epithelium of

the craspedon, and if we limit the term " region " to the

three above-named divisions—the ortho-, plecto- and telo-

craspedon.

Carlgren shows that in Cerianthidae the most oral region

in all the mesenteries, excepting the directive mesenteries

which have no true filament, is similar in structure, though,

as described above, it varies considerably in length in the

various couples. This orthocraspedon is more differentiated

I'.istologically than the Hertwigs or even Fowler described,

and may be subdivided, as is shown in PI, 5, fig. 24, into a

middle portion, composed almost exclusively of granular

columnar epithelial cells, each bearing a single flagellum and

two lateral portions, in which spirocysts and glandular cells

predominate. Carlgren calls the whole of tlie middle tract

the " median streak," and subdivides it into a middle and

two lateral portions, but proposes, as an alternative, the name
"spirocyst-glandular tract." Alternative names are objec-
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tiohable, and it Avill be well to adopt and use only the term

" spirocyst-g-landular tract." The orthocraspedon in the

Cerianthida? is straight or at the most slightly sinuous; its

median tract is a spii'ocyst-glandular tract, and the two

lateral ciliated tracts always co-exist with the last-named. It

forms the oral region of all mesenteries except the directiveSj

is very long in protomesenteries II and in metamesenteries

1, 3, 5, but is short in protomesenteries III and in meta-

mesenteries 2, 4, etc.

Macroscopically the region of the plectocraspedon is

conspicuous by the convolutions into which it is thrown
;

microscopically it is characterised (1) by the absence of the

lateral ciliated tracts ; (2) by the character of the middle

tractj which is more or less tongue-shaped in section, and its

epithelium contains an abundance of large, coarsely-granular

gland-cells, and the spirocysts are replaced by large, thick-

walled nematocysts of the type shown in PI. 3, fig. 18b,

almost to the exclusion of the former. For this Carlgren

reserves the name '' cnido-glandular tract," and though there

is a certain inconvenience in thus limiting the significance of

a term originally used in a more general sense, it will be best

to follow him. In sections stained with picro-indigo-carmine

or with hEematoxylin and eosin, the cnido-glandular tract

stands in sharp contrast to the spirocyst-glandular tract. In

the former the gland-cells are highly eosinophilous or stained

bright green with picro-indigo-carmine, whereas the gland-

cells of the lateral areas of the spirocyst-glandular tract are

but feebly eosinophilous and give a light indigo-blue colour

with picro-indigo-carmine.

The telocraspedon is the aboral region in which only a

spirocyst-glandular tract remains, the lateral ciliated tracts

having disappeared. It corresponds to the '' craspedion

"

region of Carlgren. In Arachnactis albida, as a rule,

mesenteries that liave plectocraspeda, viz. protomesenteries

II and III and metamesenteries 2, 4, etc., have no telo-

craspedid region, and vice versa, those that have telocras-

peda, viz. metamesenteries 1 and 3, have no plectocraspeda.
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But in one of my series tlie left member of the first meta-

mesenterial couple has a very short convoluted region some

way above the acontium, and this has in part the characters

of a plectocraspedon in that it exhibits the large, thick-walled

nematocysts and eosinophilous gland-cells characteristic of

the latter region. This exceptional differentiation, however,

is absent from the other member of the couple. Carlgren

tells us that the telocraspedal region co-exists with the plecto-

craspedal in certain mesenteries in Cerianthus lloydii,

vogti and americanus, and in all the mesenteries but the

directives in Botrucnidif er norvegicus.

Carlgren (9, text-figs, 8, 9, 10, p. 61) describes and figures

transverse sections through the orthocraspeda of Arach-
nactis albida, Cerianthus lloydii and Botrucnidif er

norvegicus, and says that there is a regular gradation in the

form of the mesogloeal lamella where it broadens out in the

craspedon in these and other Cerianthids. I cannot speak

for species which I have had no opportunity of examining,

but would point out that at least two of his grades are

represented in Arachnactis albida. PI. 5, fig. 24, is a

careful drawing of a section through an orthocraspedon of

a fertile mesentery (metamesenteiy 1) in this species. It has

all the characters shown in Carlgren's text-fig. 9, and stated

by him to be characteristic of the species. But PI. 5, fig. 25,

is a drawing of a section through a sterile mesentery of the

same individual as that from which PI. 5, fig. 24, is taken,

and it has much more nearly tlie characters of Carlgren's

text-fig. 8, which he describes as characteristic of Cerianthus
lloydii. A further reference to PI. 4, fig. 20, shows that

in newly-developed mesenteries the shape of the spirocyst-

glandular tract and the club-like termination of the mesogloeal

lamina nearly resembles the condition said by Carlgren to be

characteristic of Botrncnidi f er norvegicus, so all three

grades, and, indeed, mai:y intermediate ones, are represented

in one species—A. albida. Generally, in A. albida, the

orthocraspeda of the sterile mesenteries have the appearance

in transverse section shown in IN. 5, fig-. 25, those of ])roto-
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mesenteries II aud the fertile metameseutei-ies are broader,

and the spirocysts and gland-cells are more distinctly grouped

at the edo'es of the spirocyst-glaudular tract, as shown in

PI. 5, fio^. 24-. But the actual shape varies very much

according to the state of contraction. Yery commonly the

edfes of the spirocyst-glandular tract are turned up so as to

enclose a deep groove lined by tlie ciliated cells of the central

portion, and in another part of the same craspedon the edges

are depressed as shown in Pi. b, fig. 24. The shape and

relative thickness of the mesogloeal lamina also varies with

the state of contraction, and if, as I think is the case, the

mesoo^la^a itself is contractile, or at any rate very plastic and

liable to great changes of shape as a result of the contraction

of adjacent tissues, it is evident that no reliance can be

placed on the form of the orthocraspedon as a specific

criterion.

Carlgren also deals at some length with the origin of the

craspedon, and subscribes to the opinion already expressed

by Fowler and others, that not only the spirocyst-glandular

and cnido-glandular tracts, but also the lateral ciliated tracts,

are direct continuations of the actinopharyngeal epithelium,

and therefore ectodermic. The ciliated tracts, he says, are

direct continuations of tlie actinopharyngeal furrows, of

which the cells lining the deeper parts of tlie grooves change

their character in the most aboral part of the actinopharynx

and take on the character of the cells of the ciliated tracts.

At the point of departure of the mesentery from the lower

edge of the actinophar^'nx, the modified ectoderm in the

bottoms and a portion of the sides of the furrows of the

latter passes over into the ciliated tracts. As I have argued

that the analogues of the ciliated tracts and also the acontia

of the micromesenteries of Decaphellia psammomitra are

endodermal in origin, I have paid special attention to this

point. The facts are as Carlgi-en describes, but the actual

conditions not quite as simple as would appear from his

description and figures (loc. cit., tab. iv, figs. 1, 2 and 8). The
so-called enterostome of Arachnactis, and of Cerianthids in
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general, is not a simple opening at tlie bottom of a tubular

actinopharynx, but the walls of the latter diverge from the

mid-ventral line like the folds of a pair of curtains, and the

edges of the folds are both festooned and everted in such

wise that their edges are turned up and project into the

actinocoeles. This is illustrated in PI. o, fig. 26, which is a

tracing of a section cutting through the descending wall and

the upturned lower edge of the actinopharynx. The outer

face of the latter is covered by bands of modified ciliated

cells, here indicated by a thick black line. The details of

these cells are given in PI. 5, fig. 29,

PI. 5, fig. 27, is a drawing of a section somewhat lower

down which passes near the edge of the fold of the upturned

actino-pharyngeal wall. The bands of ciliated cells are

interrupted at the points where the furrows of the actino-

pharynx ai"e curving round its everted lower edge. In PL 5,

fig. 28, the actinopharyngeal ridges are passing into the

craspeda and are separate from one another. The groove-

shaped ciliated tracts formed by the disconnected portions

of the ciliated band are now apparent. Inter alia these

sections show the shift of the attachments of the mesenteries

from the grooves to the ridges of the actinopharynx as van

Beneden described.

It is evident that the bands of ciliated cells mark the line

where the ectoderm passes into the endoderm, and if we

follow them down the craspeda as the ciliated tracts, we

always find them forming the boundary line between the two

germinal layers. Eventually, in the region of the plecto-

craspedon and telocraspedon, they die out and the boundary-

line becomes indistinct. These relations may be understood

by reference to the diagram PI. 5, fig. 30, in which the

lighter tone represents the endoderm, the darker tone the

ectoderm; the thick black line represents the modified epi-

thelium of the ciliated tract, and the broken lines the

insertions of the mesenteries on the actinopharynx and

craspeda. One half of the animal is represented, the actino-

pharynx with its everted rim being completely flattened out
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in one plane. Wlietlier the modified cells of the ciliated

tracts should be referred to ectoderm or eudoderm is an open

question, and perhaps of no very great importance. What
is clear is that they indicate the boundary-line between the

two layers, and if there is an invaginate gastrula in the

Cerianthids—a matter on which we have no exact information

—they may be regarded as a differentiation of the lip of the

blastopore pushed into the interior of the animal by the

secondary invagination that forms the actinopharynx, and

further drawn out into ribands by the downgrowths from

the 'actinopharynx which attach themselves to the edges of

the mesenteries and form the craspeda.

The Acontia.—I have been successful in obtaining good

and truly transverse sections of these structures, and have to

make the following remarks about them. They appear tome

to be direct outgrowths of the teloci-aspedon (craspedion of

Carlgren) of the first couple of metamesenteries, and I can

find no trace of the ascending and descending limb round the

edge of an attenuated outgrowth of the mesentery as described

by Carlgren. PI. 4, fig. 22, represents a highly magnified

section through the middle of an acontium ; PI. 5, fig, 23,

the origin of an acontium from the telocraspedon under less

magnification. As Carlgren describes, the bulk of the

acontium is made up of large goblet-shaped gland-cells, of

which the contents stain greenish-yellow in picro-indigo-

carmine, but intensely blue-black in hannatoxylin, tliis colour-

reaction indicating that they are mucus-secreting cells.

Interspersed among them are a few goblet-cells with con-

spicuous eosinophilous granules. Xematocysts are scanty;

those that are present are of the thick-walled variety and

resemble those found in the cnido-glandular tracts; one of

them is shown in PI. 3, fig. 18a. The large curved sausage-

shaped nematocysts so abundant in and characteristic of the

endoderm of the sides of protomesenteries II and the fertile

metamesenteries are never present in an acontium, but at the

bases of these structures the mesentery, devoid of any

craspedal thickening and with its edge simply covered with
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unmodified endoderm cells, is continued for some little

distance aborally, and here the large sausage-shaped nemato-

cysts are abundant. In a prolonged search with an immersion

lens I have failed to find any spirocysts in the acontia, though,

as shown in PI. 4, fig. 23, they are present in the telo-

craspedon right up to the point of origin of the acontium.

The presence of thick-walled nematocysts and the absence of

the characteristic endodermal sausage-shaped nematocysts

mdicate that the acontium is, as Carlgren urges, an ecto-

dermal outgrowth, and it more nearly resembles a cnido-

ghindular than a spirocyst-glandiilar modification of the

craspedon. It is clearly mucus-secreting rather than urtica-

tory in function. But as far as my own observations go, I

cannot find in it any of the characters of a craspedoneme.

Nevertheless, Carlgren, who was able to compare these

structures in different species, is very possibly right in his

contention that they are by origin craspedonemes, i . e, narrow

riband-like outgrowths of the mesentery with ascending and

descending limbs of the craspedon along their edges. In,

this they differ from the acontia of Sargartiidte and Phelliidie,

but the latter are not so very different in origin, for I think it

must be conceded that they also are very narrow riband-like

outgrowths of the mesenteries, but with a craspedal outgrowth

along one edge only. Unquestionably, the so-called acontia

of Cerianthids have arisen quite independently of the true

acontia of Sagartiida3 and differ from the latter both in struc-

ture and in function, but they are remarkably similar both in

general appearance and in situation.
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EXPLANATION OF PLATES 3, 4, and 5,

Illustrating Prof. G. C. Bourne's paper on "Observations on

Arachnactis alb i da, M. Sars."

Lettering.

ac. Acontium. aj^h. Actinopharynx. en. g. Cnido-glandiilar tract.

cr. Craspedon. c. t. Ciliated tract, en. Endoderm. hy. sc. Hypo-

sulculus. Ih. t. Labial tentacles, m. Mnscular layer, m. d. t. Median

marginal or directive tentacle. mgl. Mesoglcea. m. t. Marginal

tentacles, n. Nematocysts. o. cr. Ortliocraspedou. ov. Ova. p. cr.

Plectoci-aspedon. sc. Sulculus. sp. Spirocysts. s^j. g. Spirocyst-

glandular tract. sp. z. Spermatogonia. t. cr. Telocraspedou. /.
i^.

Terminal pore. The roman numerals indicate protomesenteries, the

arable numerals metamesenteries.

PLATE 3.

Fig. 1.—Arachnactis boiirnei, Fowler. Oi'al viewof an individual

with eleven marginal and six labial tentacles. X 16.

Fig. 2.—A. bournei. The same individual viewed from the dorsal

surface, x 16.

Fig. 3.—A. alb i da Sars. Oral view of an individual of stage A,

showing four large and two smaller marginal tentacles and two couples

of short labial tentacles, x 22.

Fig. 4.—Ventral view of the same individual as depicted in fig. 3.

x 22.

Fig. 5.—A transverse section through the oral cone of the individual

depicted in figs. 3 and 4, showing the first and second couples of

protomesenteries. Between the former is an epithelial thickening, the

rudiment of the marginal directive tentacle, x 56.

Fig. 6.—A transverse section through the same individual taken just

below the enterostome. showing three couples of protomesenteries and
the two first couples of metamesenteries ; the last couple is very

rudimentary.

Fig. 7.—A similar transverse section passing below the level of the

tentacles but including one on the right side. Protomesenteries I have
disappeared

;
protomesenteries II are large with conspicuous craspeda ;

protomesenteries III and metamesenteries 1 are still present, Imt the

second metamesenterial couple has disappeared.
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Pit,. 8. A. iilbida. Oral view of iin individual of sta£,'e B. showing

fonr conples of marginal tentacles and tbe commencing outgrowth

of the marginal directive tentacle: two couijles of labial tentacles.

X 22.

Fig. 9.—A transverse section through the middle of the actino-

phaiyns of the individual depicted in fig. 8. .showing five couijles of

mesenteiies, and in addition a single member of the sixth couple.

Fig. 10.—A. albida. Oral view of an individual of stage C, showing

four coujiles of long marginal tentacles and the rudiments of a fifth

couple. The marginal directive tentacle in this example is minute.

There are three couples of labial tentacles. X 22.

Fi''. 11.—A transverse section of the individual depicted in fig. 10,

showing six couples of mesenteries and the developing right-hand

member of the seventh couple.

Fif. 12.—A. albida. Oral view of an individual of stage D, showing

four couples of larger marginal tentacles and the commencing out-

crowth of the right-hand member of the fifth couple. In this example

the median directive tentacle is large. There are three couples of

labial tentacles. X 22.

Fig. 13.—Oral view of another individual of stage D, in which the

marginal tentacles are inflated and inflexed over the oral disc, and have

been cut short to show the mouth and labial tentacles. Note the

minute median directive tentacle and the rudiments of a fourth couple

of laljial tentacles. X 20.

Fig. 14.—Transverse section of the individual depicted in fig. 12,

showing seven couples of mesenteries ; the left member of the seventh

couple is incomplete

Fif. 15.—Ventral view of an individual of stage E, showing the large

size and inflated condition of the marginal tentacles, of which there are

four large and one small- couples. The median directive tentacle is

now equal in size to the larger marginals. There are four couples of

labial tentacles ; the fourth couple small. The column is still short

and hemispherical, x 20.

Fig. IG.—View of the oral disc of an individual of stage F : the

marginal tentacles, thirteen in niimber, viz. one directive, five large

couples and one small couple, have been cut short. The gaping mouth

is surrounded by four couples of conspicuous labial tentacles and there

are traces of the fifth and sixth couples.

Fig. 17.—An epiplanktonic example of stage G of A. albida,

showing the now elongated and cylindrical column and the terminal

pore. The marginal tentacles are long and inflated, x 4.

Fig. 18 A.—A thick-walled nematocyst from an acontium. 18 b.—

A
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similar nematocyst from a cnido-glaiidiilar tract. 18 c.—A sausage-

shaped nematocyst from the endoderm of a fertile mesentery, all from
stage Gof A. albida. x 1040.

PLATE 4.

Fig. 19.—A. albida. An individual of stage H which has been

opened by a longitudinal incision along the mid-ventral line and spread

out flat. The preparation shows eleven labial tentacles; the marginals

have been cast off. Xote the actinophaiynx. somewhat crumpled

upwards on the right side : the siilculus and the hyposulculus ; eight

couples of mesenteries ; the two smallest couples, being very short, are

hidden under the actinopharynx. The plectocraspeda in protomesen-

teries II and III and on metamesenteries 2 and 4 are conspicuous, also

the acontia at the bases of metamesenteries 1. x 16.

Fig. 20.—A transverse section below the enterostome of an individual

of stage D, showing the hyposulculus, thi-ee couples of protomesenteries

and three couples of metamesenteries. with characteristic forms of

craspeda.

Fig. 21.—Portion of a section showing ova and spermatogonia of an

individual of stage H. x 520.

Fig. 22.—Transverse section of an acontium showing the uniform

wall of glandular cells, x 520.

Fig. 23.—A section showing the origin of an acontium from a telo-

craspedon. x 390.

PLATE 5.

Fig. 24.—A section through the orthocraspedon of a fertile mesenteiy

showing the broad spirocyst-glandular tract divided into a median
ciliated tract and two naiTower lateral tracts containing gland-cells

and spirocysts. x 220.

Fig. 25.—A section through the orthocraspedon of a sterile mesentery,

for comparison with fig. 24.

Figs. 26, 27 and 28.—Sections through the lower edge of the actino-

pharynx and the enterostome of an individual of stage C, showing the

courses of the ciliated tracts, here represented by a thick black line, in

this region, x 80.

Fig. 29.—A longitudinal section of a ciliated tract showing the

columnar ciliated cells of which it is composed, x 520.

Fig. 30.—A diagram illustrating the relation of the ciliated tracts

to the actinopharynx and craspeda. The lighter shade represents

endodenn. the darkei- shade ectoderm : the thick black lines represent

the ciliated tracts and the broken lines the insertions of the mesenteries

on the actinophaiynx and craspeda.
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On a New Type of Nephridia found in Indian
Earthworms of the Genus Pheretima.

By

Kat'in ^Varayan Bahl. .11.8c.,

of the Zoological Department. Muir Central College,

Allahabad. India.
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1, Introductory.

Hitherto zoologists have recognised in Annelida in general

and Oligochaeta in particular two types of nephridial system,
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namely— (1) the ordinary or meganephric kind, consisting- of a

relatively few large and separate nephridia, segmental in

arrangement, which open separately to the exterior, and (2)

the plectouephric or diffuse variety, in which the nephridia

are uumerons, of small size, and described as being connected

with one another by a network of ducts possessing many

openings on the surface of the skin.^ The meganephric type

is found in all Polychjetes (a few with protonephridia in the

adult but the majority possessing nephridia with nephro-

stomes opening internally into the coelo7n), in all Echiuroids

(with nephridial funnels opening into the coelom internally),

in most Hirudinea (always with nephridia closed at their

internal ends, the funnels, where they occur, never opening

into the nephridial canals), and in many Oligocheetes (always

with open nephrostomes). The plectonephric type, on the

other hand, has been described only among Annelids in certain

Oligochtetes and Hirudinea (e.g. Pontobdella), and ^ve must

conclude from the descriptions available that in essential

features it resembles the type of excretory system found in

many Platyhelminthes (e.g. Trematodes), the sole difference

being that in the latter group discrete nephridia are not

present (the funnels only being represented by flame-cells),

and the system of ducts rarely has more than one or two

separate openings to the exterior. In both types of nephridial

system, however, meganephric and plectonephric, the outer

ends of the nephridia have, with but few exceptions, always

been described as opening to the exterior via the skin.

While undertaking the accurate anatomical description of

one of the commonest Indian earthworms, Pheretima
posthuma (L. Vaillant), supposed ta possess a typical

plectonephric type of nephridial system, I ascertained that no

existing description applied to the condition of things found

in this species; in fact, assuming existing descriptions of the

plectonephric nephridial system to be correct, the only course

to adopt is to consider the nephridial system of Pheretima
posthuma and other species as a distinct third type of

' Cf . Sedgwick's • Text-book of Zoology,* vol. i, pp. -1:98-502.
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nephridial system which is- here described for the first time.

Since the essential feature of this tliird type is that, apart

from the microscopic integumentary nephridia which open

through the skin, all the numerous septal and pharyngeal

nephridia are connected with a system of ducts, which open,

not on the surface of the skin, but into the intestine and

other regions of the gut (buccal cavity and pharynx), I

propose to distinguish this type of nephridial system by the

term " enteronephric " suggested to me by Dr. "Woodland.

Before proceeding to describe this " enteronephric " type of

nephridial system, I will provide a brief historical summary

of previous descriptions of the plectonephric type so far aS

these ai'e known to me from the very limited library resources

available in the United Provinces.

I may add here that I am deeply indebted to Dr. W. X. F.

Woodland, Professor of Zoology at the Muir Central College,

Allahabad, for the keen interest he has all along taken in my
work. He has made valuable suggestions, and also found

time to read through and correct the manuscript of this paper.

My grateful acknowledgments are also due to my professor

Lt.-Col. J. Stephenson, D.Sc, Principal, Lahore Grovernment

College, for acquainting me with the literature on the subject

and sending me nicely preserved specimens of different

species of eartliworms, and also for his constant encourage-

ment given to me.

Both Dr. "Woodland and Col. Stephenson have examined

my slides and other preparations and have confirmed all my
more important statements. I have their permission to

mention this fact.

2. Historical.

The earliest statement concerning a nephridial system of a

kind different from the ordinary meganepliric was made by
Perrier, references to whose work and that of other previous

writers are given by Beddard (3, 1895), from Avhose account

I quote. It is noteworthy that Perrier described his new
type of nephridial system in Pheretima posthuma, the
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species I have investigated in the present paper. Perrier

states that the nephridia in this earthworm—" sont ici tres

rudimentaires, ce qui concorde avec I'absence d'orifice

exterieur attribuable a ces organes." Beddard (2, 1888),

however, found a large number of external excretory pores

(nephridiopores) in P e r i c h ^e t a (P h e r e t im a ) a s p e r g i 1 1 u ra,

and remarked that the nephridia formed numerous tufts of

glandular tubules closely connected with the body-wall and

the septa. Moreover, he did not regard the nephridia as

rudimentary as Perrier did, but believed that they were in a

very archaic condition. He emphasised two points in con-

nection with these nephridia of Perichaeta, which are,

" firstly, that there is a connection between the nephridia of

successive segments, and secondly, that the nephridial system

of Perich?eta consists of a network of tubules, the connection

between the nephridial tufts of successive segments being

brought about by numerous tubules which perforate the

intersegmental septum." Beddard figures this network of

tubules on the inside of the body-wall of Perichaeta asper-

gillum (reproduced by Sedgwick, 13, vol. i, p. 501). He also

states in his paper that thei'e is a very much greater number

of nephridial- pores in the anterior segments as compared with

the posterior—a feature we shall refer to when considering

the integumentary nephridia (vide infra). We may also

note here in passing that it is fairly easy to see the external

excretory pores in Pheretima posthuma by stripping off a

portion of cuticle and examining it under the microscope, and

that Perrier was certainly mistaken in recording an absence

of nephridiopores in this earthworm.

Perrier's statement with regard to the position and dis-

tribution of uephridiain Pericha3ta robusta, which applies,

according to my observations, equally well to Perichaeta

posthuma, is as follows: " Les organes segmentaires sous

forme de tubes extremenient delicates, sont adherents aux

cloisons, ou disseminees sur la membrane peritoneale que

tapisse la cavite generale." In Pheretima posthuma
also we can similarly recognise septal and integumentary
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nephridia according as they are attached to the intersegmental

septa or are adherent to the peritoneal membrane Hning
the inside of the body-wall ; further, the tAvo kinds differ

considerably in size though alike in structure. This distinction

between the integumentary and the septal nephridia does not

seem to have been recognised by the earlier observers.

Just as Beddard (2, 1888), described the nephridial system
of P. aspergillum as consisting of a network of tubules,

similarly Perrier, also in giving a resume of the anatomy
of the group, regarded the nephridial system as forming a

"reseau glandulaire," which appeared to him to be an
indication of an incomplete suppression of these organs.

Beddard (1, 1885), described eight nephridial tufts in each
segment of Octoch^tus multiporus, and also later on
recorded a very large number of orifices on the skin connected
with these tufts. Benham found a large number of small

and separate nephridia in a species of Perichaeta, and Spencer

(14, 1888), described in Megascolides australis "a net-

work of small tubes with many external pores." This type of

excretory system formed of small tubes was called "plecto-

nephric " (plecto, I weave) by Benham, and Beddard described

it as " diffuse." The essential idea associated with these

terms was that of a network, and Beddard (3, 1895), speaking

of this diffuse type of excretory system, says :
" The delicate

ramifying tubules especially attached to the septa can hardly

be missed, at any rate in Avell-preserved specimens; . .

in the Perichfetidee the network is more diffuse and not

broken into separate masses." At another place, writing of

the " integumeutal nephridial network " of the Eudrilidiae,

Beddard states that these tubes do not seem to be com-

parable to the "coelomic network" of Perichaeta, etc. He
thus differentiates between an " integumeutal network," which

is formed in the substance of the body-wall, and which he

figures for Libyodrilus in his monograph (3, 1895), and
a " ccfilomic network," which is found on the peritoneal

membrane lining the inside of the body-wall, and which is

figured for Pericha3ta (after Beddard) by Sedgwick in his
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text-book (13, 1898, p. 501). We may also mention here that

the " in tegumental network" occurs in forms (Eudrilidaj)

with paired meganephridia, while the term "coelomic network"

is a synonym for the " plectonephric " type of nephridial

system.

The earlier observers, therefore, considered the nephridia

in question as forming a sort of diffuse network whicli

opened to the exterior by many excretory pores on the skin,

and communicated with the body-cavity by means of funnels

which were present in some tubules while absent in others.

Although Benham found in a species of Perichaeta a large

number of small and sepai^ate nephridia, still the current

idea of a " network " was essentially associated with these

so-called *' diffuse" nephridia.

More I'ecently, however, Beddard seems to have abandoned

the terms "diffuse" and ''plectonephric," since writing as

recently as 1910 (4), he describes these nephridia as a "mass

of tubules Avhich cover the inside of the body-wall and open

to the exterior by innumerable openings," and he expresses

a doubt concerning their supposed reticular connections in

the folloAving Avords :
" It is at present uncertain whether

these minute tubes are connected among themselves, thus

forming a network passing through the septum, or whether

each tube is isolated among its felloAvs, and forms a distinct

nephridium, of which there are many in each segment, and

entirely separate." He does not even mention here the

terms "diffuse" or "plectonephric." Later still, in 1912 (5),

Beddard uses the terms " micronephridia " and " mega-

nephridia" when describing the two kinds of nephi'idia in

earthworms, and not " meganephric " and " plectonephric,"

and it would appear from his account that he regards the

nephridia as discrete structures quite distinct from one

another.

From a developmental point of view these nephridia were

not universally believed to be " plectonephric." The origin

of the micionephridia was first elucidated by Vejdovsky (vide

Thomson, 17, 1892) in Megas col ides austral is; according
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to him there is at first one simple " anlage " on each side in

each segment which breaks up into separate loops, each loop

becoming a separate micronephridium, without funnel (the

original single funnel degenerates), and opening to the

exterior. Bourne (7, 1894), found a similar development for

Ma h ben us imperatrix, and both Bourne and Yejdovsky

are at one in denying any secondary communication between

the separate nephridia. Meisenheimer (8), in 1910, denied

the existence of a network altogether. He says :
" Auffassung

eines plectonephrischen oder diffusen Typus von Xephridien

wie er aber wohl hier bgi den Regenwurmern in

Wirklichkeit nicht besteht."

For comparison with the foregoing descriptions of the

nephridia of Perichteta and allied types, I will here briefly

summarise the results of my own observations on Pheretima
posthuma. In the first place, these observations of mine

have clearly disproved the idea of a reticulate system of ducts

connecting nephridia of successive segments with each other;

in other words, in the species I have examined the type

of nephridial system is not plectonephric, though we may
certainly retain the term " micronephric." In the second

place, we can distinguish equally clearly three types of

nephridia according to their size, arrangement, and place of

opening of their ducts. These three kinds may be called

(1) the septal, (2) the pharyngeal, and (3) the integumentary.

Describing the integumentary first, we may briefly note that

they are very minute structures, each of them quite separate

and discrete, as Avas recognised by Benham. It is these only

that open to the exterior via the skin. The septal nephridia

are two to three times the size of the integumentary nephridia

though similar in structure, and never open on the skin.

They are also separate from one another, and are connected

with a system of ducts which ultimately open medio-dorsally

into the hypoblastic portion of the gut in a segmental manner.

Lastly, the pharyngeal nephridia occur in bushy tufts around
the oesophagus in three successive segments (fourth, fifth and
sixth). Each tuft has a pair of ducts of its own, and these
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three pairs of ducts open into the buccal cavity and pharynx

in the second and fourth segments.

Although it has long been recognised that in some Oligo-

chaetes certain nephridia do open into the alimentary canal,

yet they have always been observed to open either into its

anterior or stoniodteal portion or into its posterior or procto-

dseal portion, and never into its intermediate or hypoblastic

region. The former kind, i. e. those opening into the front

end of the alimentary canal, have been called " pepto-

nephridia" by Benham, and are known to occur in Enchy-

trfeidae, Acanthodrilid^e, Eudrilidfe, Cryptodrilidfe, and

Geoscolecidee. These are supposed to possess some peptic

function, and lience the name. The pharyngeal nephridia of

Pheretima posthuma may possibly belong to this category.

The latter kind, i. e. those opening into the rectal end of the

digestive canal, have been termed " anal " nephridia, and have

so far only been found by Beddard in Octochaetus multi-

porus and by Rosa (vide Spencer, 14, 1906) in Allolobo-

phora antipse. But the septal nephridia of Pheretima are

peculiar in the fact already stated, viz. that their ducts open

medio-dorsally into the lumen of the hypodermal gut very

nearly throughout its entire length in a regular segmental

manner. Beddard (3, 1895), writing about the peptonephridia

and anal nephridia, says that they never communicate witli

that section of the alimentary canal which is undoubtedly of

hypoblastic origin. As my description in the following pages

will prove, this assertion does not apply to the septal nephridia

of P h e r e t i m a

.

Text-fig. 1.

The general plan of the nephridial system iu Pheretima posthuma.
S.N., septal nephridia ; I.X., integumentary nephridia : P.iV.,, P.N...,

P.N.3, the pharyngeal nephridia of the fourth, fifth, aud sixth

segments ; F.I.N., "forests of integumentary nephridia ; Pd.^. Pd.n,

Prf.j, ducts of the pharyngeal nephridial nephridia of the fourth,

fifth, and sixth segments ; E.A.. R.P., right anterior and right

posterior series of septal nephridia; L.P.. L.A., left posterior and
left anterior series of septal nephridia; E.G., blood-glauds ; Ph.,

pharynx; 6Vz., gizzard ; D.V., dorsal vessel, x 4.
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3. The Xephridial System of Pheeetima posthuma.

(a) The Genei-al Plan of the System.

The nephridial system of Pheretima posthuma (Text-

fig. 1) consists of three sets of tubules, each with its own

system of ducts. (1) The first comprises the septal nephridia

{s.n.),i. e. those which are attached to both sides of each of

the intersegmental septa; these are the most important and

the largest. They are regularly arranged on each septum

throuo-hout the lenQth of the worm behind the fifteenth seg-

ment. These nephridia do not open on the skin, but iii each

segment discharge their excretory matter into a pair of septal

excretory canals (^.e.c, PL 6, fig. 1) situated on each septum,

which in their turn empty themselves into a pair of supra-

intestinal excretory ducts [si.e.d., PI. 6, fig. 1), which,

ruuninof longitudinallv along- the dorsal side of the intestine,

open medianly, at segmental intervals, into the intestinal

Inmen (PI. 8, figs. 8 and 9).

(2) The nephridia of the second set lie just external to

the oesophagus in the fourth, fifth and sixth segments, and in

virtue of the place of opening of their ducts are called the

pharyngeal nephridia [P.N.-^, P.N.^, P.N.^, Text-fig. 1).

They occur as paired tufts lying at the sides of the oesophagus

in each of the three segments named, and are closely inter-

mingrled with follicles of " blood- o^lai ids" which are also

situated in these segments. The little ductules of individual

nephridia in these bunches unite together at intervals, and

ultimately form a pair of long, narrow muscular ducts (Prf.^,

Pd.o, Pd..^, Text-fig. 1) in each of these three segments.

These three pairs of dacts run forwards ventro-laterally to

the oesophagus and pharynx, and open into the buccal cavity

and pharynx in the second and fourth segments.

(3) The nephridia of the third set, which are very much

smaller in size than the septal nephridia and are adherent to

and scattered over the inner surface of the body-wall

(ccelomic epithelium), are described as "integumentary"

nephridia (i.n., Text-fig. 1). They are present in all the
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segments of the worm except the first two, and they co-exist

with the septal nephridia behind the first fifteen segments.

Each of these nephridia opens separately to the exterior on

the body-wall through a nephridiopore (PI. 7, fig. 7).

(b) The Septal Nephridia.

(1) Position and Distribution.—The septal nephridia

.ai'e attached, as their name implies, to the intersegmental

septa near their outer margins close to the place where the

septa join the body-wall. The septa of the first fifteen seg-

ments do not bear any nephridia, the first septum having

nephridia attached to it being the septum 15/16. Behind

this all the septa bear nephridia, although as we approach the

posterior end of the worm the number of nephridia on each

septum decreases. Each septum has nephridia attached to

it on both its anterior and posterior surfaces. In a freshly-

killed worm the septa present to the naked eye a shaggy

appearance, and one can easily see with a hand-lens white

fluffy masses attached to the septa, which are the septal

nephridia. If, in a well-preserved specimen, a septum be cut

off as closely as possible to the body-wall, the nephridia are

also detached, since, as already stated, they are adherent to

the septum. They can then be examined, along Avith the

septum, under the microscope. On being examined under

these conditions the nephridia are found to be attached to

each septum in four linear series, two series being attached

to the right half and the other two to the left half of each

septum. The two series on each half of a septum consist of

one series attached to the anterior surface of the septum and

the other series to the posterior surface, i.e. an anterior and

a posterior series. Each septum will therefore bear four

series of nephridia (Text-fig. 1). (1) Right anterior {R.A.),

(2) right posterior {R.P.), (3) left anterior {L.A.), and (4) left

posterior {L.P.). As we shall see later on, the anterior and

posterior series of nephridia of each half of a septum, right or

left, are connected with a common duct, and therefore, on

morphological grounds, we group together the anterior and
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posterior series of nephridia of the right side as forming a

distinct set separate fi-om the similar series of the left side,

which form another distinct set. The nephridia extend round

the periphery of each septum from near the mid-ventral line

of the worm almost to its mid-dorsal line.

(2) Attachment.—The line of attachment of the neph-

ridia on each septum lies just external and parallel to the

dorso-lateral vessel (the so-called "septal loop"). This

blood-vessel, which plays a great part in the blood-supply of

these nephridia, runs along the posterior face of each septum

very near and parallel to its outer edge, i.e. the edge joining

the body-wall. Each series of nephridia on each side of the

septum, right or left, forms a single row with a line of attach-

ment almost parallel to the septal loop.

(3) Number.—The number of nephridia on each septum

varies within limits. On an average, there are 20 to 25

anteriorly and the same number posteriori}^ on each half of a

septum (right or left). Each septum will thus have 40 to 50

nephridia on its anterior face and the same number on its

posterior face, so that in a single coelomic compartment we
shall have 80 to 100 septal nephridia.

(4) Individuality.—Each nephridium is a minute but

separate and discrete structure and there is no network of any

kind connecting one nephridium with the other. Beddard (3,

1895) is thus certainly mistaken when he speaks of the

excretory system of Perichaeta as a "coelomic netAvork "

;

and also we cannot employ the terms " diffuse" or " plecto-

nephric " in describing these nephridia. The idea of a reti-

cular connection between these nephridia was probably due

in the first place to the excessive minuteness of these struc-

tures, and secondly, to the fact that Pheretima and other

tropical worms Avere unobtainable in a fresh condition by the

European observers who described them. In the case of

minute structures like these nephridia reliable observations

cannot be made unless proper methods of fixation have been

employed, and this was probably not the case with the worms

examined by Beddard and others.
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Text-fig. 2.

ST. L.

A septal nepliridium showing the course of the nephridial tube in it

(diagrammatic). The dotted line represents the outline of the
nephridium and the thick black line the nei^hridial tube. F.,

funnel; F.N.T., the free first part of the nephridial tube; N.,
nephrostome ; S.L.. the short, straight lobe; P.L., the pi'oximal
limb, and D.L., the distal limb of the twisted loop; T.N.D., the
tei-minal nephridial duct going to the septal canal; S.T.L., the
spirally twisted loop, x 276.
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(5) Outline Structure and Topograph}- of a Xe-
phridium.—Each nephridium (Text-fig. 2) consists of (i) a

funnel (F.) followed by a short narrow tube (i^.A^.T.), which is

bent on itself before joining the body of the nephridium, (ii)

the main body of the nephridium consisting of a short straight

lobe (S.L.) and a long spirally twisted loop {S.T.L.). The

straight lobe is rounded at its free end, and is continued at its

other into one of the limbs of the long twisted loop, which is

more than twice the length of the straight lobe, and (iii) a

terminal nephridial dnct {T.N.D.), which is a continuation of

the other limb of the twisted loop and leads from the nephri-

dium to the septal excretory canal.

Unlike the case in Lumbricus and Megascolides, the

whole nephridium in Pheretima posthuma lies within the

bounds of a single segment ; in other words, it does not extend

over two segments as in Lumbricus, and we do not dis-

tinguish here, therefore, a pre-septal poi-tion of the nephridium

from the post-septal portion. Beddard (3, 1895) says—"The
nephridia are always much-coiled tubes, and they always

occupy two segments, and two segments onl}^ The internal

aperture, the funnel, lies a segment in front of that which

bears the external pore." He seems to regard the fact of a

nephridium extending, over two segments as an essential

feature in the disposition of the nephridia of eathworms, and

it is therefore a novel fact that in Pheretima a nephridium,

including its funnel and all other parts, lies wholly within the

boundaries of a single segment. Another feature already

stated, and which Ave shall return to later in detail, is that

the septal ne})hridia do not open directly to the exterior

as they do in Lumbricus. They open, as already

described, into the septal excretory canal, and that is why
we have not got in Pheretima a series of nephridio-

pores arranged segmentally on the body-wall as we have in

Lumbricus.
In brief, the whole nephridium, including its funnel, hangs

freeh' in the ccelomic cavity, and is solely attached to the

septum near its outer edge by means of the terminal nephridial
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duct, which runs along the septum obliquely to join the septal

excretory canal (PI. 6, fig. 1).

(6) The Minute Structure of a Single Nephridium.
—Leaving aside the funnel, the first part of the nephridial

tube and the terminal nephridial duct, the remaining part of

each nephridium consists of a tube coiled into several loops

closely bound together by membrane richly supplied with

blood-vessels. The detailed account of the structure of the

three parts of a nephridium is given below.

(i) The funnel (PI. 7, figs. 3, 4 and 5). Each nephridium

commences Avith a minute bulb-like swelling, the funnel,

which has a transversely oval openings the nephrostome [N.),

on its ventral side. The funnel when looked at under the

high power of the microscope appears slightly reniform in

shape rather than rounded, and measures 28 /n in its shorter

and 39 fx in its longer diameter, while it is about 15 /.< in

thickness dorso-ventrally.

The funnel is a two-lipped (bilabiate) structure with its

upper lip of the shape of a hood ; this lip is very large and

prominent in comparison with the lower lip, which is very

small and simple. The body of the upper lip is formed of a

single large semicircular cell known as the central cell

bounded by a number of marginal cells. The central cell

occupies the centre and lower half of the upper lip, and has a

large and prominent rounded nucleus in its centre. The outer

margin of the central cell is beset with eight or nine marginal

cells each with a rounded nucleus in it. All the maro-jnal

cells are equal in size, and are set in an incomplete circle

round the terminal aperture of the funnel, i.e. the nephro-

stome, forming the margin of the upper lip. The marginal

cells are profusely ciliated over the whole of their centrally

directed face ; the cilia are pretty long and closely set, and
in whole preparations are seen to surround the top of the

funnel like a halo, while in sections (PI. 7, fig. 4) they

present a characteristic bushy appearance.

The lower lip, which is not so thick as the upper, has a

slightly convex border, and is made up of four or five cells,
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each with a deeply-staining, small elliptical nucleus. These

"cells" form a compact structure, and no boundaries can be

seen separating them from one another, their number being

inferred from the number of nuclei. The lower lip also, like the

upper, bears cilia. The actual terminal opening between the

two lips, viz. the nephrostome, is, as ah'eady stated, trans-

versely oval, and measures about 15 /x from side to side and

about 9/i dorso-ventrally. A number of coelomic epithelial

cells invest the funnel here and there.

In order to ascertain the distribution of cilia in the funnel,

the latter should be examined in the fresh state when the

cilia are active. If nephridia from a freshly-killed worm are

examined in salt solution ("75 per cent.), the cilia are most

evident in funnels which are either seen in profile or have

their ventral sides uppermost. The cilia are arranged along

eight or nine lines which radiate from the nephrostome or

mouth of the funnel to the periphery, each line of cilia

corresponding to one marginal cell. All the cilia of each line

beat simultaneously towards the mouth of the funnel but

alternate in movement with the cilia of the neighbouring

lines. All the cilia are of the same length, and of course

serve to drive the excretory matter of the coelom into the

nephrostome.

The funnel of the nephridium of Pheretima posthuma
is mtich simpler in structure than that of Lumbricus. It

is much smaller in size in accordance with the very small size

of the nephridium as a whole. The central cell resembles

that of the funnel of Lumbricus, but the number of marginal

cells is very small, while there are no gutter-cells, so far as

I can make out. Curiously enough I have never seen the

''debris" of cwlomic corpuscles on the funnel of Phere-

tima, which fact is remarkable, since this debris is described

bv Benham as being a constant feature in the funnel of

L um b r i c u s

.

The funnel of P. posthuma also differs from that of

Perichajta malamaniensis, described by Benliam (6,

1891) ; in the latter there is no central cell, and the ciliated
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Tnargiiial cells form a complete circle round the terminal

aperture of the funnel.

(ii) The Main Body of the Xephi-idium. As already

stated, the body of a nephridium comprises a short, straight

lobe and a Ions: spirally twisted loop (Text-fig. 2). The
strjiiuht lobe is, on an average, about 225 /i in length and

45 fx in thickness, while the twisted loop is 480 /i in length,

i.e. more than twice the length of the- straight lobe. The

straight lobe is free and rounded at its one end, while at its

other it is continued into one of the limbs (distal) of the

twisted loop. The latter consists of two limbs, a proximal

and a distal, spirally twisted about each other, the number of

spiral twists in the loop varying from nine to thirteen (Text-

fig- 2).

The funnel, together with the fi^rst part of the nephridial

tube which immediately follows the funnel, is generally

situated towards the side of the straight lobe away from the

twisted loop. This commencing part of the nephridial tube

is free for a short distance, but soon bends, to become

incorporated into that limb of the twisted loop which I have

called the proximal {P.L., Text-fig. 2), to distinguish it from

the other or distal limb (D.L), which is continuous with the

short, straight lobe-

The nephridial tube, having entered the proximal limb of

the twisted loop at its base, continues in that limb right up

to the top of the loop, where it curves roi*nd, and then follows

its course into the distal limb. On reaching the base of the

distal limb the tube runs into the straight lobe, in which it

goes to the top of the lobe, loops backwards, and then, passing

through the base of the lobe, enters into the distal limb again.

Here it runs parallel to its first course though in the reverse

direction, and on reaching the top of the loop it bends round

and runs backwards in the proximal limb until it has reached

its base just about the point (X, PI. 7, fig. 2), where the

nephridial tube first enters the body of the nephridium. From
tliis place {X, PI. 7, fig. 2), in the base of the proximal limb

the tube crosses over to the base of the straiy-ht lobe and there
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makes another loop similar and parallel to the first, after which

the tube runs into the distal limb once again, i. e. a third time.

This time it does not go right up to the top of the limb, but

having gone onh' half the length of the limb, loops back to

enter the proximal limb also a third time, and then runs

towards the base of the nephridium, and is continued outside

the body of the nephridium as the terminal nephridial duct.

The exact course of the tube in the nephridium can easily

be followed b}- reference to the accompanying diagrams

(Text-fig. 2 and PI. 7, fig. 2). We may note, however, that

there are, in all, three parallel tubes in each of the two limbs

of the twisted loop in their lower halves, while there are only

two in each in their upper halves : consequently the top

halves of the two limbs are thinner than the basal halves,

and the straight lobe has two loops of tubes, i.e. four

tubes running parallel in ir. Of these two loops one is the

outer or the first loojj and the other the inner or the second
;

the inner {i.l.) lies towards the side of the lobe nearer the

twisted loop, while the outer [o.L] loop of the tube lies away
from the twisted loop. We may also observe that the

terminal part of the nephridial tube leaves the body of the

nephridium just about the same place where the first part of

the tube enters it. Moreover, the lumen of the tube is intra-

cellular all along, the tube being composed throughout of

hollow cells joined end to end like so many drain-pipes.

(iii) The Terminal Nephridial Duct (Text-fig. 2,

T.N.D.) . The terminal nephridial duct is a continuation of the

proximal limb of the tAvisted loop running towards the sep-

tum. Soon after leaving the nephridium it becomes attached

to the septum near its outer margin just external to the

dorso-lateral vessel. From this place of attachment on the

septum the terminal nephridial duct runs inwards and

upwards along the septum, following an oblique course

(PI. 6, fig. 1). During its course along the septum it crosses

over the wall of the doi-so-lateral vessel and then enters the

septal excretor}' canal (vide infra). As the dorso-

lateral vessel and the septal excretory canal lie on the
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posterior face of each septum, the nephridial ducts of the

posterior nephridia join the septal clanal without having to

pierce the septum, while the ducts of the anterior nephridia

generally pierce the septum and come over to the posterior

surface before crossing the dorso-lateral vessel. The crossing

of the dorso-lateral vessel {dl.v., PI. 7, figs. 6 and 7), there-

fore, almost always takes place on its posterior wall, but I

have also come across in sections a certain number of cases

where the nephridial ducts of the anterior nephridia cross

the dorso-lateral vessel along its anterior wall and then pierce

the septum to join the septal excretory canal. Thus we meet

with two conditions : either the septum is pierced through

before the dorso-lateral vessel is crossed over along its

posterior wall, or it is pierced after the vessel has been crossed

over along its anterior wall ; of these the former is the rule^

while the latter is only an exception.

The nephridial ducts from their point of attachment to the

septum to the point where they enter the septal excretor}'

canal are 412
f.i to 825 /u in length ; they become longer as we

go to the dorsal side of the animal,

(7) The Ciliation of the Nephridium.—As regards

the cilia lining the nephridial tube (PI. 7, fig. 2^, we have to

note that they are not disti-ibuted uniformly all along its

length, but are confined to certain definite regions, I can

confidently state that there are at least four ciliated tracts

along the course of the nephridial tube. The first tract

extends from the funnel to the point where the first free part

of the nephridial tube enters the base of the proximal limb of

the twisted loop (a to a' in PI. 7, fig. 2). Both the second

and third ciliated tracts lie in the short straight lobe. As
already stated, there are four parallel tubes in this lobe,

which go to form the two parallel loops, the outer and the

inner {o.l. and LL). There is a ciliated tract in each of the

two loops. The second ciliated tract lies in the outer loop,

and extends from the apex of this loop to more than half the

length of the inner tube of the loop between the letters hb'

;

the cilia in this tract are directed towards the base of the
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straight lobe and so work in that dii-ection. The third tract

of cilia occurs in the inner loop in its proximal limb along the

entire length of the latter between the letters cc'. This part

of tlie tube is always brownish and semi-opaque, being full of

excretory products ; indeed, it is sometimes almost blackish

in appearance. V^e might call the brownish portion the

" brown ciliated tube/^ and note that the cilia in this region

work upwards towards the apex of the straight lobe. The

fourth ciliated tract lies in the terminal part of the nephridial

tube, from the point where it leaves the nephridium to the

point where it becomes attached to the septum, between the

letters d and d' (PI. 7, fig. 2)

.

In each ciliated tract the cilia ai'e disposed in a double row,

and they move in such a manner as to produce along the axis

of the tube a wavr movement closely resembling the flickering

of the flagellum or "flame" in a proto-nephridium. (PI. 7,

fig:. 2, orives a sTood idea of both the distribution of the cilia

and the flickering movement produced by their action.)

(8) Comparison of the Xephridium of Phere-

tima with that of Lumbricus.—A comparison between

the nephridia of Lumbricus and Pheretima reveals the

interesting fact that the latter can be derived from the former

by removing its muscular loop and spirally twisting the two

limbs of the second loop and then lengthening them out.

The accompanying series of diagrams serves to illustrate how
the nephridium of Pheretima can be derived from that of

L um b r i c u s

.

Text-fig. 3.

A series of four diagrams sliowing how the nephridium of Pheretima
can be derived from the nephridium of Lumbricus. ^ is a
diagi'am of the nephridium of Lumbricus showing the "first"
and the " second "' loops and the " muscular loop." In B the
muscular loop is omitted, but the rest is the same as A. In C
the two limbs of the second loop are twi.sted about each other,

forming four twists. In D the twisted loop is lengthened out and
the resultant is a diagram of a septal nephridium of Pheretima.
X,, the first loop; L... the second loop ; L^. the muscular loop ; S.T.L.,

the spirally twisted loop corresponding to the second loop of
Lumbricus; S.L.. straight lobe correspondini,' to the first loop in

A, B and C.
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(c) The Ducts and Openings of the Septal

Nephridia.

(1) The Septal Excretory Canal (s.e.c, PI. 6, fig. 1).

—

The septal canal is a prominent channel running along

the posterior face of each septum near its outer border,

and, as previously stated, lies internal and parallel to the

dorso-lateral vessel along its entire course. There is a pair

of these septal excretory canals on each septum—one on each

half, right and left. In preparations of the septa in which

the outer edge is not injured one can easily see a canal

beginning from the ventral side and running internal to and

alongside the dorso-lateral vessel ; it is generally narrower in

diameter than the blood-vessel and has the appearance of

being empty or containing a colourless fluid, while the blood-

vessel is coloured yellowish owing to the presence of blood
;

the one can thus be easily distinguished from the other.

The septal canal originates ventrally on each side, right

and left, by the union of a few (three or four) of the ducts of

nephridia lying in the ventral region. In complete prepara-

tions of septa it is easy to demonstrate the commencement of

this canal by the union of three or four branches, each of

which itself has been formed by the union of several nephridial

ducts. The place of commencement of this canal, or rather

the place where several branches meet to form this canal, is

situated a little higher or dorsal to the place Avhere the dorso-

lateral vessel receives a septo-intestinal branch from the

intestine {si.v., PI. G, fig. 1). The se^Dtal excretory canal

after its formation runs dorsalwards, as already described,

alongside the septal loop, the space separating these two

being usually equal to about half the thickness of the septal

canal, but not uncommonly the walls of the two are in con-

tact. The septal canal receives the ducts of all the nephridia,

anterior and posterior, belonging to its own half of the

septum, the nephridial ducts running a fairly long and
oblique course before reaching the septal canal, and even

after reaching it, many of them continue a short distance
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alongside it before actually entering. As a rule, each neph-

ridial duct opens separately into the septal canal, but at

places one also comes across a nephridial duct emptying its

contents into another nephridial duct instead of opening

independently into the septal canal. In serial sections (PI. 7,

fig. 6) it is easy to follow a nephridial duct from the place where

it leaves the nephridium and runs along the septum to cross

the dorso-lateral vessel anteriorly or posteriorly to the place

where it enters the septal canal.

On following both the dorso-lateral vessel and the septal

excretory canal towards the dorsal side, we find that about

the level of the dorsal wall of the gut, they (i.e. the septal

canal and the dorso-lateral vessel) begin to diverge fi'om each

other ; the dorso-lateral vessel bends inwards to join the dorsal

vessel, and the septal excretory canal enters the supra-intestinal

excretory duct of its own side (PI. 6, fig. 1).

(2) The Supra-intestinal Excretory Ducts.—These

are a pair of longitudinal ducts situated in the mid-dorsal

line beneath the dorsal vessel and above the dorsal wall of

the gut. They are closely attached to the dorsal wall of the

gut, but can be separated by careful dissection. They are

always very prominent structures in sections (PI. 8, figs. 8, 9),

and have all along been taken to be blood-vessels. Stephenson

(15, 1913) mistakes them for a continuation of the supra-

intestinal blood-vessel, and says: " The supra-intestinal vessel

extends back along the oesophagus and intestine beneath the

dorsal vessel, communicating with the hearts in the segments

xii and xiii and with the alimentary plexus throughout its

extent." At another place he adds :
" The supra-intestinal

vessel . . . exists only in certain of the anterior (oesophageal)

segments of the body in the Tubificida?; in Pheretima it

extends backwards along the intestine also." As a matter of

fact, the supra-intestinal vessel does not extend behind the

thirteenth segment, since it terminates in that segment by
joining the pair of hearts there. In the fourteenth and fifteenth

segments there is no blood-vessel nor any other tubular struc-

ture, while behind the fifteenth segment Ave get the supra-
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intestinal excretory ducts occupying the same relative

position as that occupied by the supra-intestinal vessel in the

anterior region. These excretory ducts begin from the

septum 15/16 because this is the first septum which bears

the septal nepliridia. I myself believed these ducts to

be blood-vessels for a long time and recorded them as such in

my notes and drawings of the blood-system, and it was not

until my attention was definitely directed to them by the

discovei'y of their continuit}' with the septal canals that I

recognised their true natui'e. It need hardly be said that

these supi'a-intestinal ducts are never seen to contain blood,

either in dissections or m sections ; and they thus offer a

striking conti'ast to the dorsal vessel, Avhicli is almost invariably

gorged with blood.

The supra-intestinal ducts extend along the entire length

of the gut from behind the septum 15/16 to the posterior

end of the body of the worm. Anteriorly and posteriorly

they become narrow and single, while in the region of the

intestine they are always large and paired and, therefore,

quite prominent structures. Just a little behind each inter-

segmental septum these two longitudinal ducts communicate

with each other for a very short distance (30|i(),but otherwise

the two are entirely separate although they lie side by side.

In sections of a fair-sized Avorm, these channels in the region

of the intestine between two intersegmental septa were about

115/1 in diameter, while the diameter of the dorsal vessel at

that place was about 220 ^<. As already mentioned, these

supra-intestinal excretory ducts receive a pair of septal

excretory canals in the region of each intersegmental septum,

so that the excretory fluid from the septal canals is discharged

at each intersegmentum into these paired channels, the longi-

tudinal extent of which exactly coincides with the longitudinal

distribution of the septal canals and the septal nephi'idia.

By what means do these supra-intestinal exci'etory ducts

communicate with the exterior for the discharge of their

contents ? That was a problem which bafiled me for many a

month, and all attempts at finding an external opening of
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these longitudinal ducts failed. With this purpose in view

I especially examined these ducts at their two ends, anterior

and posterior, but with no success, the ducts ending- abruptly

in those two regions without showing an}' signs of opening to

the exterior. Next, since Beddard (3, 1895) has suggested

a possible connection between the nephridia and the dorsal

pores, I carefully examined my pieparations to see if there

was any communication between the supra-intestinal ducts

and the dorsal pores, but I could find none.

Subsequently, however, while looking at a series of sections

of the earthworm in the region of the intestine, I noticed that

at one place one of the two supra-intestinal ducts communi-

cated with the lumen of the gut by a distinct opening, and

though at the time I concluded that this communication must

be accidental in origin, yet it gave me the clue which ulti-

mately led to the correct solution of this problem. Later,

following up this clue, I prepared a complete series of sections

passing through seven segments of the worm's intestine, and

in this series I found exactly seven communications between

one or other of the two supra-intestinal ducts and the lumen

of the intestine. It thus became certain that these longitu-

dinal excretory ducts did not open at all to the exterior but

into the lumen of the intestine, the openings being arranged

segmentally. In my serial sections it can be seen that in

each septal region one of the two supra-intestinal excretory

ducts, the right or the left, takes a dip into the dorsal wall of

the gut on one side of the typhlosole, that this dip deepens,

and that an actual communication is formed between the

supra-intestinal duct and the lumen of the gut by means of a

verj' short and narro.w ductule (PI, 8, figs. 8, 9). This lun-row

ductule is situated at the rounded corner in the gut where the

base of the typhlosole passes into the gut epithelium, or, in

other words, where the gut epithelium bends inwards to form

the typhlosolar projection into the gut. The narrow ductule

has muscular walls when traversing the muscle layers of the

gut, but has a special lining of small epithelial cells where
it pierces the gut epithelium. The ductule seems to be a
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laterally compressed structure, elliptical in cross- section rather

than circular, since in serial sections of the intestine the

ductule measures certainly more than 6/x in its longer

diameter, as traces of the ductule can be seen both in front

of and behind the single section Avhich cuts completely

through this ductule and which (the section) itself is 6 ^ in

thickness ; while when we measure the width of the ductule

in this very single section ic is about 4'2 ^. The ellipsoid

ductule, therefore, measures more than 6 /n in the longer

diameter and 4*2 /u in the shorter diameter of its cross-section.

It is remarkable that these narrow ductules leading from

the supra-intestinal ducts to the lumen of the gut are, in

the first place, segmentally arranged, and in the second place,

are so narrow and minute that they can easily be mistaken

for cracks in the sections unless they are examined carefully.

But in a series of sections passing through five or six segments

one never fails to find these narrow ductules in each septal

region. It is also interesting to note that if we remove the

supra-intestinal ducts from a part of the intestine and examine

them after suitable preparation, we are able to see an aperture

on one or other of the ducts at each septal plane. These

apertures, of course, mark the positions of the downwardly-

dipping ductules, which have of necessity been torn off in the

process of removal of the supra-intestinal ducts from the

intestine.

The supra-intestinal ducts do not both communicate with

the gut in each intersegmental place, but it is always only one

of them—sometimes the right and sometimes the left—which

does so. It might be thought that the right and the left

supra-intestinal ducts communicate with the gut one behind

the other in a regularly alternate manner, but this is actually

not the case. In the series of sections passing through seven

intersegmental places the ducts opened into the gut antero-

posteriorly in the following order : Left, left, right, left, right,

right, right. When either of them has communicated with

the lumen of the gut it then communicates with the other

supra-intestinal duct for a very short interval (30 )u generally).
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and then the two separate again. At four places I observed

these communications ; they extended over five sections at

each of these four places^ eacli section being 6 ju in thickness,

thus giving 30 /.* as the Avidth of the communication between

the two longitudinal ducts. Since the two ducts communicate

with each other soon after one of them has communicated

with the gut, the order of opening of the duct of one side or

the other into the gut mentioned above is evidently of no

consequ.ence.

We must therefore conclude that the excretory products in

solution are discharged into the lumen of the gut, whence

they are got rid of through the anus along with the faeces.

There are a few points with regard to the septal excretory

system (enteronephric) to which I should like to di'aw

attention. The first is its strictly segmental character.
It has always been recognised that in earth-worms like

Lumbricus the nephridia are segmental in arrangement,

and, as a matter of fact, the old name for these structures was

'^segmental organs"—a term which emphasised their segmental

distribution. Although this old name has been given up, still

the metameric disposition of the nephridia in Lumbricus
and other worms is clearly recognised ; but Beddard (3, 1895,)

writing of the nephridial system of Perichteta (Phere-

tima) in particular and the plectonephric type of nephridial

system in general, says, " The segmentation so cleai-ly visible

in most of the organs of the worm's body has here been lost."

This assertion, of course, was based on an imperfect knowledge

of the nephridia of Pheretima. We now know that the

nephridia of Pheretima are clearly segmental structures,

since they are serially repeated on each septum behind the

fifteenth segment ; similarly are the septal canals strictly

segmental, as we have a pair of them on each septum.

Lastly, the openings of the pair of supra-intestinal ducts are

also segmental, since we get one opening into the intestine

in each intersegmental space. The whole of the entero-

nephric nephridial system is, therefore, arranged ou a strictly

segmental plan.
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The multiple character and probable efficiency

of these organs is another notable feature. Beddard (4, 1910)

speaks of the exceeding activity of Perichteta as its dis-

tinctive fe;iture, and adds: "Dr. Baird, in a communication

to the Zoological Society, remarked upon the agile fashion

in which these tropical Annelids will spring off a table

when touched or any way interfered with. Gardeners have

recognised this character and given it the name of eel-worm."

In an active worm of this kind it would be necessary to have

a verv efficient excretory system. It has been suggested that

in a worm in which tlie ccelomic fluid is constant!}' flowing

'from one end of the body to the other and vice versa, in

correspondence with the great activity of the animal, these

small nephridia in large numbers, about a hundred or so in

each segment, with an equal number of funnels and nephro-

stomes which would occupy every nook and corner of the

segment, would be much more efficient than a single large

nephridium with a single nephrostome. There can be no donbt

whatever that these nephridia are active excretory organs, and

that Perrier's view regarding them as rudimentary is certainly

not tenable.

By far the most remarkable feature, however, of the septal

nepliridial system is the absence of any direct communication

between tlu- nephridia and the exterior, as we find in almost

all other earth-worms. In Pheretima, on the other hand,

we get instead a series of segmentally arranged conununica-

tions between the nepliridial system and the lumen of the

intestine. This is entirely a new feature in the morphology of

the excretory system of earth-worms, aud has been recorded,

so far as I know, for the first time in this paper.

(d) The Pharyngeal Nephridia and their Ducts.

The pharyngeal nephiidia, as already stated, consist of

tufts of these organs surrountling the teso])liagus in Phere-
tima posthuma in the fourth, fifth aud sixth ^egments. In

the natural condition these tufts are hidden under the tliick
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septa which separate tlie fourth, fifth, sixth and seventh

sesrments from one another, and which form a series of cones

one inside the other around the oesophagus in these segments

;

one has, therefore, to remove these septa to a large extent in

order to display the pharyngeal nephridia.

(1) Literature.—The pharyngeal nephridia were first

described by Beddard in Octoch^tus. In this genus these

nephridia consi^it of a single pair of tufted oi-gans lying in

contact with the pharynx, each tuft possessing a duct which

runs forwards and opens into the buccal cavity. These tufted

organs were called "'salivary glands'" by Beddard, and Benham
gave them the name of " peptonephridia "—a term accepted

by Beddard. Spencer in 1888 (14) described in Megasco-
lides austral is a large mass of minute tubules occupying

most of the space between the pharynx and the body-wall.

These tubules were said to be much-coiled structures identical

with ordinary nephridia ; fui-thei-, the ducts of these nephridia-

like organs appeared to have joined together at intervals to

form a common duct, one on each side, and these common
ducts opened into the pharynx, their openings having been

identified in sections. Michaelson in 1913 (9) described a

pair of peptonephridia lying lateral to the oesopliagus in

Periscolex, which were broadly swollen behind and passed

in front into a long, narrow duct. Miss Kaif (11, 1910; says :

" A noticeable feature in the dissections of some of the species

such as Megascolex dorsalis, Megascolex fielderi

and Diporochfeta tanjilensis, is the presence of a large

number of nephridial tubes attached ventrallv in the reo"ion

of the pharynx. They are in the form of bunches, and have

generally been considered as ' peptonephridia.' The latter

have been defined by Beddard as nephridia opening into the

anterior section of the alimentary canal and functioning in

relation to digestion. So far, however, as 1 have examined,

1 have found them opening to the exterior, not into the canal

;

1 cannot tlierefore regard them as peptonephridia, but simply

as a specialised group of nephridia, the meaning of which is

not clear." Powell (10, 1911-12) referred to the pharyngeal
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nephridia in Phei*etima posthuma^ and described them as

occurring in the fifth and sixth segments. He seems to have

seen the ccBlomic funnels of these nephridia, which answer

in this and in all other respects to the definition of a

nephridium morphologically. He says nothing about the

course of the ducts and their openings, and is not cei'tain

about the function of these nephridia.

(2) Description of the Pharyngeal Nephridia in

Pheretima posthuma.—Beginning from behind, we first

come across these pharyngeal nephridia in the sixth segment

(PJVg, Toxt-fig. 1). In a dissection from the dorsal side, after

removal of the septum 6/7, the pharyngeal nephridia are seen

as two large and conspicuous masses of nephridial tubules, one

lying on each side of the oesophagus, and resembling, under a

lens, a big tuft formed of a large number of strings. On careful

examination, after cutting across and reflecting back the part

of the oesophagus in the sixth segment, we find that these

tufts extend ai'ound the oesophagus to the mid-ventral line.

Dorsally they cover the greater part of the oesophagus, and

also tend to encroach upon the dorsal vessel, which is, however,

not covered by them. The j^aired tufts are thus disposed

in two semicircular curves round the oesophagus, each curve

extending from about the mid-dorsal to the mid-ventral line.

Posteriorly these nephridial masses are loosely attached to

the septum 6/7.

Intermingled with the nephridial tufts of this segment are

found a large number of rounded cell-masses called the

"blood-glands.^' These rounded structures are not aggre-

gated into follicular spaces here as in the fifth segment (vide

infra), but are dispersed among the nephridial tufts. The

blood-glands as well as the nephridial tufts have a copious

blood-supply, each nephridial tuft receiving a branch from

the dorsal vessel, wliicli divides and subdivides to supply

blood to the individual elements of these tufts.

The ductules of the individual nephridia join with one.

another at intervals and form ducts which unite with other

similar ducts and so on, and ultimately form a pair of long



NEPHRiniA OF IXniAN KARTHWORMS. 97

thick-walled common ducts, one from each nephridial tuft.

This pair of common ducts runs forwards, and can easily be

seen on each side of the mid-ventral line about 2 to 3 mm.
apart in the anterior part of the sixth segment. After

traversing the sixth segment these ducts pierce the septa 5/6

and 4 5 in front and open finally into the buccal cavity about

the middle of the second segment {Pd.^), quite in front of the

region of the pharyngeal mass and the supra-pharyngeal

ganglion. The openings of these ducts into the buccal cavity

have been identified in sections and also verified by a minute

dissection of this region.

The nepliridial tufts of the fifth segment [PN.^ are con-

siderable in size and agree in all essentials with those of the

sixth segment. In this section also we have a number of

blood-glands; they are, however, not diffuse, but are aggre-

gated into two or more masses in the shape of follicles on

each side which resemble bunches of red grapes in the fresh

condition. The nephridial tufts here also lie on each side of

the oesophagus and extend both dorsally and ventrally ; they

lie chiefly in the posterior half of this segment, but extend

forwards also to cover partially the blood-glands Avhich occupy

the anterior half of this segment. It is also seen that some of

the nephridia actually penetrate into the blood-glands. Like

the nephridial masses of the sixth segment the nephridial

tufts here also are connected with a pair of common ducts, one

on each side, about 2*5 mm. apart. These ducts run forwards,

penetrate through the septum 4 5, and enter the ]iharynx in

the anterior part of the fourth segment, just a little in front

of the middle line of setse of this segment [Pd.^).

The third pair of nephridial tufts [FN.i) lies in tlie

posterior part of the fourth segment attached to the anterior

surface of the septum 4/5. These tufts consist of compara-

tively fewer nephridia than there are in the fifth and sixth

segments. The pair of ducts from these tufts travels oidy

for a short distance forwards, and opens into tlie pharynx in

the posterior half of the fourth segment behind the middh-

line of setae (Pd.^).
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We have thus three pairs of iiephridial tnfts in tlie anterior

reo-ion, a pair in each of tlie fourtli, fifth and sixtli segments.

We have also three pairs of thick and muscular nephridial

ducts, a pair to each pair of tufts, which open into the buccal

cavity and the pharynx.

It will be seen that it is a matter of some difficulty to

define accurately where the three pairs of ducts from the

pharyngeal nephridia open. In a dissection of the first four

segments it is difficult to determine the exact boundaries of

successive segments, since there are no septa in these segments,

the coelomic cavity being continuous. I therefore made use

of serial sections of this region to determine accurately the

places of opening of these ducts. In these sections also the

dorsal pores marking off one segment from another aie absent,

and so I had to use the ring of seta? in the middle line of each

secment as mv criterion for determining" the boundaries of

successive segments.

As regards the structure of each pharyngeal nephridium,

we have to note that it is very similar to that of a septal

nephridium. The pharyngeal nephridium also consists of a

short straight lobe and a long spirally twisted loop, the

proximal limb of the latter being continued out as the

terminal nephridial duct. But I have never been able to see

the "funnel" in these pharyngeal nephridia, in spite of

repeated attempts, and have come to believe that it is absent.

Powell (10, 1911-12), however, writing about these nephridial

nephridia of Pheretima posthuma, says: "Under the

microscope and with the aid of sections each of these strings is

seen to be a tubular structure opening into the coelom by a

slightly funnel-shaped aperture bearing a ciliated epithe-

lium." As I have already stated, I have not been able to see

the "slightly funnel-shaped apertures" of these nephridia,

and cannot therefore corroborate Powell's statement. In the

short straight lobe the second and third ciliated tracts can

easily be nuxde out, and Avork in the same way and in the same

direction as a septal nephridium; but 1 have not been able to

make out the first and fourth ciliated tracts here. Whether
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these nepliridia are excretory in function or have a peptic

function in connection with assimilation is still to my mind

problematical.

(e) The Integumentary Nephridia.

The integumentary nephridia {i.n., Text-fig. 1) are attached

in Pheretima to the inner surface of the integument, or, in

other words, to the somatic layer of the pei'itoneal lining of

the coelomic cavity. They are absent in the first two segments

of the worm, but are present in all the succeeding segments.

In each segment they extend all along the surface of the body-

wall from the mid-ventral to the mid-dorsal line and are not

arranged in any definite order, but are scattered promiscu-

ously. It is seen, however, that they are more abundant mid-

way in each segment on both sides of the line of sette and are

more sparse at the two ends of each segment, i.e. near the

septa. They are best seen in specimens which have been

fixed in acetic bichromate sokition after they have been

opened by a mid-dorsal incision and the flaps of skin pinned

down.

The nephi'idia are extremely minute structures, hardly

visible to the naked eye. They are attached to the bod3"-wall

only by means of their terminal ducts, i.e. in the same w;iy

as the septal nephridia are attached to the septa. The lobes

and loops of these nephridia project out into the coelomic

cavity from the inner surface of the body-wall as V-shaped

structures, the two limbs of the V being unequal in size and
representing the straight lobe and the twisted loop of the

septal nepliridia (PI. 7, fig. 7).

'J'he number of these nephridia seems to vary in different

segments. In those segments which possess septal ne])hritlia

the number of these integumentary nephridia is not very

large; on counting I found about 250 nephridia in the

thirtieth and about 200 in the thirty-ninth segment. Jiut in

the segments 14, 15 and 16, where the septal nephridia do

not exist or only begin, and which are also incidentally the
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clitellar segments, there is, so to speak, a " forest " of these

integumentary nephvidia, these being so numerous and so

closely set as to cause the inner surface of the body-wall in these

seo-ments to look, under a lens, as if it were covered with

dense fur (jP.J.iV^., Text-fig. 1). They are more than ten times

as numerous on these three segments as on the preceding

or succeeding segments ; I was able to count as many as 220

on a piece of skin 2 mm. square from the fourteenth segment.

Like the septal nephridia, these integumentary nephridia

also are separate from each other; each nephridium is a

discrete structui-e and opens separately by its duct to the

exterior on the skin (PI. 7, fig. 7). There is no network of

any kind formed by the tubules of separate nephridia, nor is

there a connection between nephridia of successive segments

by means of tubules perforating the septa, as suggested by

Beddard (2, 1888). The number of nephridiopores on a

segment will equal the number of nephridia in that segment.

Beddard (2, 1888) states that the number of nephridiopores is

greater anteriorly than posteriorly ; it is very probable that

he counted the nephridiopores on one of the three segments

(fourteentli^ fifteenth and sixteenth) which we have referred

to above as possessing a "forest " of nephridia, and comp;ired

this number with the number of nephridiopores on any of the

succeeding segments, and this led him to make the above-

mentioned statement.

These nephridia are, as already mentioned, very minute
;

each is less than half the size of a septal nephridium ; a

nephridium of an average size when measured has the

straight lobe about 100 /i in length and the long twisted

loop about 182 fi in length. I have not been able to find

any funnels in connection with these integumentai-y nejihridia,

but otherwise they are like the septal nejthi-idia in their general

structure.
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(f) The Significance of the '^ Enteronephric '"' Tj^pe

of Nephridial System.^

Benham (4^ 1910), describing the exci*etory fanctions of the

nephridia in Polychtetes^ writes: "Excretion, in the strict

sense of the word, is carried out by the cells forming the

wall of the nephridial tube ; they remove waste materials

from the blood distributed over the surface of the organ.

But, in addition, there is a removal from the coelom, by

means of the funnel, of any dead or dying coelomic cor-

puscles, which in their turn have eaten up or otherwise

destroyed foreign bodies (such as Bacteria, etc.) that may
have entered the animal." In Pheretima also, the septal

nephridia have a copious blood-supply and possess coelomic

funnels Avitli neplirostomes ; Ave may therefore safely assume

that here also as in Polychaetes the nephridia discharge the

function of excreting waste materials both from the blood

and the coelomic fluid. In the case of other worms the

nephridia open to the exterior and all the excretory products

ai'e got I'id of through the nephridiopores on the skin. But

what can be the meaning of the elaborate " enteronephric "

type of nephridial system in Pheretima, in which the

excretory ducts ultimately open into the lumen of the

alinientai-y canal along almost its entire length and pre-

sumably discharge all the excretor}^ products into the gut ?

The previously recorded cases of nephridia opening into

the front and hind ends of the gut have been exphiined, on

the one hand, as being peptic in function (peptonephridia),

[Mr. Karm Narayau Balil has not entered upon any discussion con-

cerning the significance of his remarkable discovery of "enteronephric"

nephridia in relation to the commonly-accepted view that all Annelid

nephridia are ectodermal. But it seems to be evident that the septal

nephridia of Pheretima certainly cannot be developed from the ecto-

derm but must be mesodermal in origin, since we can hardly sup-

pose that they are endodermal outgrowths. Mr. Karm Narayan.

however, has recently informed me that he has been successful in

collecting a large number of Pheretima embryos and hopes to be able

to ascertain the exact mode of development of the septal and otlier

nephridia.—W. N. F. Woodland.]
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and compared, on the other, with the respiratory trees of

Bonellia and its allies and with the Malpio^hian tubes of the

Arthropoda (Beddard, 3, 1895). Evidently we cannot explain

away the segmentally arranged openings of this '' entero-

nephric" system into the lumen of the gut in either of these

two ways. These segmental openings must have a deeper

significance. It has been suggested to me by Dr. Woodland

that this enteronephric system is probably an adaptation for

conservation of water in a tropical worm like Pheretima.

This genus is Oriental as well as Australian in distribution,

but is rare in the Australian region. There is no doubt that

these worms have to adapt themselves to a very wide vai-ia-

tion in the conditions of moisture : the region they inhabit is

subject to a prolonged period of drought alternating with a

short period of abundant moisture during the monsoon rains.

Normally there are three to four rainy months alternating

with eight or nine dry months in a year.

On a priori grounds, we must conclude that the excretory

matters removed from the blood and the coelomic fluid pass

in a state of solution into the lumen of the gut via the system

of ducts connected with the septal nephridia. In the intestine,

we must assume that the water containing excretory matter

in solution is re-absorbed by the gut epithelium for the needs

of the organism, while the solid e.\cretoi-y matters pass out of

the body through the anus. We are thus crediting the gut

epithelium with the power of separating water from the

excretory matters dissolved in it and then re-absorbing this

water. Although there is, as yet, no experimental evidence

in favour of this hypothesis, still we might mention one or

two points in regard to this hypothesis very briefly. It is

stated by Thomson (17, 190G) that when an earthworm has

been made to eat powdered carmine, the passage of these

useless particles from the gut to the yellow cells, from the

yellow cells to the body-cavity and thence out by the

excretory tubes can be traced. If that be so, we must

conclude that the gut epithelium of the earthworm takes up

these carmine ))articles and passes them on to the yellow colls
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—or in other words^ the gut epithelium acts as an organ of

excretion in removing the useless carmine particles from the

intestine ; this, again, is a commonly admitted property of the

intestinal epithelium. But we have to go further and ask

how it is that, while the intestinal epithelium absorbs the

carmine particles, it does not also absorb the excretory matter

which is poured into the intestinal lumen via the excretoi'y

ducts ? Why is it that from these it takes up only water and

lets go the solid waste matter ? In order to get over this

difficulty we must assume that, like the intestinnl epithelial

cells of man, these cells of the earthworm also exercise a sort

of protective function dependent on that capacity for physio-

logical selection by which the epithelia of the intestine,

while they absorb certain substances, do not permit others to

pass into them.

Another consideration is about the relative importance of

the septal and the integumentarj^ nephridia. The latter are

small in size but enormous in number.s, and open directly to

the exterior through the skin. But as these nephridia do

not possess any funnels and are closed internally, we should

conclude that water cannot pass out in any quantity through

them, although it may diffuse though the walls of the nephridia.

There is very little loss, therefore, through these integu-

mentary nephridia, and we may presume that all water is

re-absorbed and conserved by the worm.

4. The Nepheidiai, Systkm of some other Species of

Pheketima.

Besides Pheretima posthuma, the nephridial system of

which I have described in detail above, I have examined the

nephridial systems of three other species of the genus

Pheretima, namely, P. ha way an a, P. he te roc ha) t a and

P. barbadensis. In general outline the nephridial system

in these three species of Pheretima is similar to that in

Pheretima posthuma, but there are certain differences

which I shall mention below.

(1) Pliereti ma haw ay ana.—This species also possesses
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the three kinds of nephridia, namely, the septal, the pharyn-

geal and the integumentary. These nephridia are very

similar in position and structure to those of P. posthuma.

We may only note that the septal nephridia here are larger

than those of P. posthuma; the funnel is identical in

structure with that of the latter species, but the first part of

the nephridial tube, which makes a bend before joining the

main body of the nephindium, is much longer in this species

than in P. posthuma; in the latter it measures, on an

average, about 84 /x in length, while in 1^. ha way an a it is

generally more than 180 /i long.

The septal excretory canal running parallel to the dorso-

lateral vessel does not lie near or in contact with the vessel

as in P. posthuma, but is removed a good distance from it

:

I measured the distance to be about 165 /x in one and about

412 /Li in another specimen. As a consequence of these two

structures lying far apart from each other, the terminal

nephridial ducts liave a very much longer course to run on

the septum to meet the septal canal than they have in

P. posthuma. Moreover, as the dorsolateral vessel is not

attached to the septum as in P. posthuma, the nephridial

ducts do not cross this blood-vessel at all. We may also note

in passing that the septa of P. ha.wayana are much more

muscular than the septa of P. posthuma, and therefore in

the former the septal can;il and the terminal nephridial

ducts on the septum are obscured by the muscle-fibres, and it

is only by a careful examination that these structures can be

made out.

The integumentary and the pharyngeal nephridia are

identical in structure with those in 1?. postliunia.

(2) Pheretima heterocha}ta and Pheretima barba-

densis.—The ne])liridial system in these two species re-

sembles very closely that of P. hawayan;i rather tlian that

of P. posthuma; the scj)tal excretory canal is separated a

good distance from the dorso-lateral vessel and the free duct

following the funnel is much longer than that in P.

post h u ma.
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5. The Blood supply of the Xephridia in Pheretima.

Benham (6, 1891) has described in detail the vascular

supply of the nephridium of L um b r i c u s , and in general out-

line this description applies to the vascidar supply of the

nephridia of Pheretima, but there are a number of in-

teresting points in which the blood-supply of the nephridia in

the two cases differs, these differences being due, firstly, to

the much larger number of nephridia present in Pheretima,
and secondly, to the fact that the nephridia of Pheretima
are of three different kinds situated in three difl'erent regions

of the body.

As in Lumbricus, the ventral vessel in Pheretima gives

off, in the posterior part of each segment, a vessel on each

side, which we may call the parietal vessel {p. v., PI. 6,

fig. 11). This vessel, soon after its origin, perforates the

septum behind and runs along the middle line of tl-.e inside

of the body-wall of the succeeding segment ventro-dorsally

(e.g. the ventral vessel in the twentieth segment gives off a

pair of parietal vessels which perforate the septum 20/21

on each side and distribute blood over the inside of the

body-wall of the twenty-first segment). The parietal vessel

as it perforates the septum gives off a septal branch (s.h.),

which runs along the septum very near its attachment

to the body-wall parallel and external to the dorso-lateral

vessel. This last vessel, as shown in the diagram, is a com-

missural vessel in each segment, joining the subneural with

the dorsal vessel [dl.v., PI. 6, figs. 1 and 11). I may add, in

passing, that theie is no diiect connection between the

ventral and subneural vessels as has been supposed by some

authors to be the case.

Although it is a difficult matter to decide what course is

taken by the blood outside the large median trunks, yet from a

comparison with the course of blood in Lumbricus and alsO

from a number of observations on the distribution of valves

in the blood-vessels, I am led to believe that the blood

passes to the nephridia from the ventral vessel, and that it is
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brought back to the dorsal vessel from the nephridia by way

of the dorso-lateral vessel and the subneural vessel. The

parietal vessel, as mentioned above, runs along the middle

line of the inside of the body-wall ventro-dorsally, and during

its course gives off a number of branches which ramify over

tlie area of the body-wall of the whole segment, the vessel

terminating near the mid-dorsal line. Now the wliole of the

inside of the body-wall is covered over by a large number of

integumentary nephridia, and thus these are supplied with

blood from the branches of the parietal vessel which also

supplies blood to the body-wall. We have already said that

the parietal vessel gives off a septal branch (s.6., PI. 6,

fig. 11) as it perfoi-ates the septum. This septal branch is

rather difficult to make out in preparations of the septa, since

it lies very near the outer edge of the septum, in Avhich

position it is very generally torn off in the removal of the

septum ; its origin from the parietal vessel and its extent

along the septum can both be seen, however, in preparations

in which the outer edge of the septum is intact and the

parietal vessel perforating the septum is also included. The

septal branch runs parallel to tlie dorso-lateral vessel and is

about one-third the diameter of the latter. All the septal

nephridia receive their blood-supply from the septal branch,

which throughout its entire course gives off a large number

of twigs [tt), each twig supplying a septal nephridium. The

blood from each septal nephridium is returned by another

minute vessel {ft') which runs parallel to the first in the base

of the nephridium, and which joins, along with others of its

kind, the dor-so-lateral vessel. Each septal nephridium

(PI. 6, fig. 12), therefore, has two vessels in its basal part;

the first one arises from the septal branch and enters and

brings blood to the nephridium (we might call this the

afferent nephridial vessel, tt) ; the second brings back

blood from the nephridium and leaves the nephridium to join

the dorso-lateral vessel into which the blood is now poured

(we might call this vessel the efferent nephridial vessel,

t't'). In each septal nephridium both the afferent and efferent
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vessels fork near the base of the nephridium, one branch of

each fork entering the straight lobe and the other branch

entering the twisted loop (Ph 6, fig. 12). These branches

are continuous at their distal ends {dd), and there are also

cross connections between them during their course (cc).

We may note that the afferent vessel and the two branches

of its fork are generally empty or contain very little blood,

while the efferent vessel and the branches of its fork are full

of blood; similarly the septal, branch contains very little

bloodj while its counterpart, the dorso-lateral vessel, is

generally full ; this phenomenon corresponds with the con-

dition of arteries and veins found after death in the higher

animals, and lends additional support to the assumption made
that the septal branch and the afferent vessels carry blood to

the nephridium, while the efferent vessel removes the blood

from it and pours it into the dorso-lateral vessel. The
dorso-lateral vessel also receives a large number of branches

from the body-wall, which presumably bring back blood from

the body-wall proper and also from the integumentary

nephridia. Another way by which blood from the in-

tegumentary nephridia may be returned to the general

blood-stream is by means of capillaries and twigs that join

together to enter the subnenral vessel in each segment. The
septal branch also receives small branches from the skin

which possibly replenish its supply of blood for the septal

nephridia. To sum up, the parietal vessels supply blood to

the integumentary nephridia and body-wall directly, and to

the septal nephridia through their septal branches, while the

blood is returned from the integumentary and septal

nephridia to the dorso-lateral vessel and possibly to tlie

subneural vessel also (to this only from tlie integumentary

nephridia).

In the case of the })liaryngeal nephridia the blood-supply is

different. In the fourth, fifth and sixth segments the doi'sal

vessel gives off in each segment a pair of branches, the

branch of each side supplying the pharyngeal nephridia and
tlie septa. In a freshly-killed worm in which tlie dorsal
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vessel is still pulsating, one can easily see the flow of blood

from the dorsal vessel to the pharyngeal nephridia through

the branches referred to above. The blood is collected from

these pharyngeal tufts of nephridia b}^ capillaries, which

unite together and open ultimately into the lateral oeso-

phao-eal vessels which are situated ventro-laterally to the

oesophagus, one on each side, and from which the blood goes

into the blood-stream via the supra-intestinal vessel and the

subneural. When a worm is opened some time after its

death, it is always seen that the branches from the dorsal

vessel are empty, while the branches carrying blood to the

lateral oesophageal vessels and the latter themselves are full

of blood.

6. The Intersegmental Septa in Earthworms.

The intersegmental septa of earthworms have always been

regarded as partitions, partly membranous and partly mus-

cular, which stretch across from wall to wall of the body and

correspond roughly in their position to the grooves which

divide the body externally into somites. The septa are per-

forated by tlie gut, the dorsal and the ventral vessels and

also by the nerve-cord; the partitioning of the coelom is

incomplete around these structures in most earthworms, and

there is free communication from one end of the body to the

other for the coelomic fluid. Except for holes and slits round

the nerve-cord and other structures mentioned above, there is

no record of any definite apertures, so far as I know, on the

septa of earthworms. As a matter of fact, very little interest

seems to have attached to the structure and disposition of

septa as they had nothing peculiar about them, and they are

dismissed in descriptions usually in a line or two. An in-

teresting featui-e about these intersegmental septa presents

itself, however, in Pheretima posthuma and other species

of the same genus, which has been described here, I believe,

for the first time : it is the presence of a large number of

definite apertures each with a sphincter round it. In the
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following paragraphs I shall provide a description of the

septa in Pheretima posthuma, together with an account

of these sphinctered apertures, and then compare these

features with those of other species and genera that I have

examined, and lastly, I shall discuss the possible significance

of these sphinctered apertures in the septa of Pheretima.

(1) The Intersegmental Septa in Pheretima post-

huma.—Beginning from the anterior end we find that the

first definite septum lies between the fourth and fifth seg-

ments, the body-cavity of the first four segments being

undivided or continuous, although it is tiaversed by a number
of muscular strands passing from the buccal cavity and the

pharynx to the body-wall. This first septum is thin and
membranous, but the following five septa are very thick and

muscular and resemble the intersegmental septa of Lum-
bricus. These separate the segments 5 and 6, 6 and 7,

7 and 8, 8 and 9 or 9 and 10, and 10 and 11 from each other;

between the eighth and tenth segments there is always one

septum ; sometimes there is one between the eighth and ninth

segments and septum 9,10 is missing, and vice versa ; both

these septa are never present in the same worm. It happens

that the lines of attachment of these septa on the alimentary

canal are considerably behind (posterior to) their lines of

attachment on the body-wall, and therefoie these septa are

not transverse in position, but form five cones, one inside the

other, with their apices directed posteriorly (Text-fig. 1).

These septa are incomplete over the ventral nerve-coid which
perforates them, but besides these perforations and those of the

gut and blood-vessels, these septa are quite complete partitions

with no apertures on them. They are very thick and are formed
of muscle-fibres disposed obliquely in two sheets, and have
muscular strands passing from their anterior and ])osterior

surfaces to the body-wall or to other septa in order to support

them and keep them in position.

Behind the first eleven segments in which we have the

specially thick septa mentioned above there is a regular

series of thin and membranous septa separating successive
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segments from each other interiorly. The septa 11/12, 12/13

and 13/14 are complete like the first six, although thin and

membranous, the last two being intimately attached to the

walls of the "hearts " in the twelfth and thirteenth segments.

The next septum, i.e. 14/15, however, is typical of all the

septa that follow, and besides being thin and membranous in

texture and incomplete over the nerve-cord like the preceding

septa, it is specially characterised by the fact that it is

riddled with holes over the greater part of its area. These

holes or apertures nre either oval or circular in outline and

are scattered over the lateral parts of each septum, being

absent from the dorsal and ventral regions and also from the

inner and outer edges. Each of these apertures possesses a

thick sphincter around it formed of non-striped muscle-fibres

arranged in a concentric manner (PI. 8, fig. 13).

These sphinctered apertures of the septa vary considerably

in size ; in my preparations I have found them to measure

from 8 f^i to 1650 fi in diameter. Very likely the apertures

with a small diameter are in a closed condition, while those

with a larger diameter nre open. The thickness of the

sphincters varies from 9 fx to 28 /x ; it is, as would be expected,

greater in closed apertures than in open ones. As regards

the number of these apertures on the septa, I counted as

many as sixty-eight on the left half of the septum 15/16,

including one of the largest diameter I have come across

(1650 fi). The number of apertures on the septa diminishes

towards the posterior end of the worm.

The incompleteness of the septa round the nerve-cord is

formed by a large circular hole in each septum which

surrounds the nerve-cord, and the wall of which is made up of

a thick, strong sphincter, the ventral part of which is attached

to the body-wall. It may be noted that besides this large

hole round the nerve-cord there is no slit or hole round the

other structures that pierce the septa, e.g. the gut and the

blood-vessels, in Pheretima, the septa round these latter

structures being quite complete in this genus.

(2) Septa in Other Earthworms.—The septa in the
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other species of Pheretima that I have exainiiied, i.e. P.

h aw a y a n a , P . h e t e r o c h £e t a and P . b a r b a d e ii s i s , have

much more of muscular tissue in them than the septa of

Pheretima p o s t h um a . Moreover, although the sphinctered

apertures are present on the septa of these species, the

number of these apertures is very small indeed as compared

with those in P. posthuma. I have never seen more than

one or two on each septum, though they were always of a

large size. I examined specimens of several other genera oP

earthworms in order to see if the septa in them had

sphinctered apertures, but could not find any. They are

absent in the septa of Megascolex, Perionyx, Lura-

bricus and Eutyphoeus—the genera I have examined for

this purpose. It is thus evident that, so far as is known at

pi'esent, the sphinctered apertures characterise the septa of

Pheretima only.

(3) The Significance of the Sphinctered Aper-
tures.—The sphinctered apertures, together with the incom-

pleteness of septa around the nerve-cord, are apparently the

means by which the coelomic fluid is allowed to pass from one

segmental chamber into another. It is quite easy to see the

flow of the coelomic fluid inside tlie body-cavity in a living

worm which happens to be a little more transparent than

others. The sphincter muscles ]-ound these apertures are a

priori the means of closing these apertures and thus

restricting the floAv of the coelomic fluid to particular seg-

mental chambers, and this isolation of these particular seg-

ments Avould be complete so far as the flow of the coelomic

fluid is concerned when the sphincter round the nerve-coi-d

al.so contracts and closes that passage. This restriction of the

coelomic fluid to particular segments would lead to a con-

dition of turgidity in those segments and make the worm
stiff. It has been suggested that this stiffness would be
necessary for the worm in its ordinar}^ locomotory movements
either on the surface of the soil or in burrowing, since, for the

leverage of a particular part of the Ijody to the ground by
means of seta? (the organs of locomotion) it would be necessary
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to have that part turgid and stiff, as the setse on a limp part

would not be able to secure a firm hold on the ground. The

situation of the setae in the middle of each segment in the

forui of a ring is most appropriate for balancing, and I agree

with Beddard (5, 1912) in thinking that "the ring of settfi

would seem to be a character specially suited to an under-

ground life, where thei'e is an equal pressure all round the

body, and where progression would seem, therefore, to be

best attained by a continual leverage round the circular

body.'^

But why the sphinctered apertures should be present only

in Pheretima and not in Megascolex and Perionyx,

which are also forms with pericha?tine seta?, I cannot say.

7. Summary.

(1) There ai*e three distinct kinds of nephridia in Phere-

tima posthuma and other species of the genus, namely,

the septal, the pharyngeal and the integumentary, named

according to the position they occupy in the worm ; they

differ from each other in size and also in respect of the place

of opening of their ducts.

(2) Each nephridium is a separate and discrete structure

and there is no network of any kind, and therefore the terms

"plectonephric " and "diffuse'^ are inapplicable to these

nephridia, although the term " niicronephridia " can be

retained.

(3) The integumentary nephridia are very minute and are

hardly visible to the naked eye. Each of them has its own

separate duct opening separately to the exterior on the skin.

Each segment has about 200 to 250 of them. The pharyngeal

nephridia occur in jiaired tufts lying at the sides of the

oesophagus in the fourth, fifth and sixth segments; these

nephridial tufts have three pairs of ducts, one in each seg-

ment, which open into the buccal cavity and the pharynx in

the second and fourth segments.

(4) The septal nephridia are attached to both sides of the
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septa ; they do not open on the skin^ but are connected with

an elaborate system of ducts which ultimately open into the

lumen of the intestine mid-dorsally at segmental intervals.

The system of ducts and openings is perfectly segmental in

arrangement, and consists of a pair of septal excretory canals

on each septum which open into a pair of supra-intestinal

excretory ducts lying in the mid-dorsal line of the worm
above the dorsal wall of the gut, these ducts communicating

with the lumen of the intestine at each intersegmental place

by means of a narrow ductule. This last feature is chai'acter-

istic of this type of nephridial system, and the latter has

therefore been termed the " enteronephric " type of nephridial

system.

Each septal nephridium has a remarkable feature in that

it lies—the funnel and all—wholly within the bounds of a

single segment. The septal canals, the supra-intestinal ducts

and their openings into the lumen of the gut have been

described here for the first time, and the segmental character

of the nephridial system of Pheretima, which was denied

by Beddard, has now been established.

(5) The enteronephric nephridial system is probably a

device for the conservation of water in this tropical genus,

the gut-epithelium reabsorbing the water of the excretory

fluid while letting the solid excretory matters pass out through

the anus along with the fteces.

(6) Each nephridium in Pheretima, like that in Lum-
bricus, is connected with two blood-vessels, one bringing

blood to it and the other taking away the blood. The septal

and the integumentary nephridia are supplied Avith blood

from the ventral vessel through the parietal vessel and the

septal branch, and the blood is returned from these nephridia

to the general blood-stream via the dorso-lateral vessel and
the subneural vessel. The pharyngeal nephridia receive their

blood-supply from the dorsal vessel, and the blood is returned

from them to the lateral oesophageal vessels.

(7) The intersegmental septa in Pheretima posthuma
and other species have definite, circular or oval apertures,
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each with a sphincter muscle around it. It is suggested that

by closing these apertures by means of sphincters there is a

restriction of the coelomic fluid to certain segments Avhich

become consequently turgid and stiff, and are thus able to

help the setae in having a firm hold of the ground during

the locomotory movements of the animal ; this turgidity of

the part of the body applying setse on to the ground seems

necessary, since a limp part cannot fix its setee on the sub-

stratum on which the worm moves.

8. Technique and Material.

Worms both for dissection and section-cutting were

narcotised in weak alcohol (10 per cent, to 15 per cent.) for

fifteen minutes or thereabouts. Tliis method is much more

useful than narcotising with chloroform, since the worms

with this method do not contract at all, but die in a quite

flaccid condition, and can easily be stretched to the utmost.

The method of fixation most successfully employed for

nephridia of all the three kinds as well as the intersegmental

septa was immersion in acetic bichromate (3 per cent,

potassium bichromate added to 5 per cent, glacial acetic acid)

for forty-eight hours or more. Before fixing, however, the

nephridia were fully exposed by opening the worms and

pinning down the flaps of skin ; a further precaution was

found necessary in the fixation of these nephridia, and that

was to wash off all coelomic fluid before putting the worms

in the fixative, as otherwise the coelomic fluid coagulates near

the nephridia and renders the fixation of the latter imperfect.

In order to get the septa fully stretched they should be exposed

by making a mid-dorsal incision in the woimi, and pinning the

flaps of the skin at intervals of five or six segments in such a

way as to keep the intermediate four or five septa on stretch,

but not to tear them at all. In this stretched condition the

septa should be kept in the fixative for a week or two, after

which time they become quite hardened and crisp, and can

be removed very easily from their attachment with the body-

wall and The wall of the gut. Metallic dishes should not be
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used for preserviiag these various structures in bichromate;

glass dishes or enamelled pie-dishes with the bottom filled up

with hard paraffin answer the purpose very well.

For sectioning worms Avere fed on moist blotting-paper for

a fortnight or thereabouts, after which time the gut is quite

free of earth, and can be sectioned without injuring the

razor. The sections were stained in the usual way with

Delafield's hematoxylin, differentiated with acidulated water

as recommended by Thapar (16, 1918), and " blued " with

ammonia vapour after dehydration and cleiiring. For staining

individual nephridia,! found a very weak solution of DelaOeld^s

hiematox\-liu followed by acidulated water vei'y useful—even

better than boi'ax-carmine and acid alcohol ; these haama-

toxylin preparations were very helpful in the investigation of

the structui-e of the funnel, and specially the exact course

of the nephridial tube in the body of the nephridium.

For a demonstration of the long terminal nephridial ducts

and tlieir openings into the septal excretoiw canals as well as

of the commencement ami extent of the latter, prepai-ations

stained with either borax-carmine or h^ematoxylin were made
of the entire septa, and also a series of longitudinal sections

was taken through six segments of the body-wall to which
septa were still attached. In these sections I could follow the

nephridial ducts from the place where they leave the nephridia

to the point where they enter the septal excretory canal. I

also incidentally came across many longitudinal sections of

funnels in these preparations which were very helpful in

ascertaining their structure.

The connections of the septal canals with the supra-

intestinal excretory ducts were seen in preparations of the

upper parts of the septa together with the supra-intestinal

ducts, the last having been dissected out under a Zeiss

binocular microscope. Similarly the ducts of the pharyngeal
and the septal and integumentary nephridia themselves were
also dissected under the binocular microscope, which was
very helpful all along.

The segmental openings of the supra-intestinal excretory
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ducts into the lumen of the intestine were identified in serial

sections 6 /t in thickness passing through seven segments of

the intestine.

Besides Pheretima posthuma, the species common in

Allahabad, I have also examined three other species of Phere-

tima, namely, P. heterochasta (Mchlsn.), P. hawayana
(Eosa) and P. barbadensis, specimens of which were

kindly sent to me by Col. Stephenson from Lahore.

Specimens of Lumbricus, Perionyx, Eutyphoeus and

Megascolex were also examined for their septa.
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EXPLANATION OF PLATES 6, 7 and 8.

Illustrating Mr. K. N. Bahrs paper '' On a Xew Type of

Nepliridia found in Indian Earthworms of the Genus

Pheretima."

Fig. 1 (PI. 6).—A diagrammatic representation of the septal nephridial

system and its relative position in Pheretima posthuma. Three
segments are shown, and part of the skill on the left side of the posterior

(third) .segment has been cut and reflected forwards so as to lie on the

second segment, iti order to expose the vai'ioua structui'es. h.u-., body-

wall ; b.u\, body-wall cut and reflected forwards; i.s., intersegmental

septum; S.O., sphinctered apertures; d.v., dorsal vessel; si.e.d.. suj^ra-

intestinal excretory ducts ; </., gut ; ty.. typhlosole ; v.v., ventral vessel

;

sn.v.. subneural vessel; dl.v. dorso-lateral vessel or the "septal loop";

g.e.c. septal excretoiy canal ;. f.n.c?., terminal nephridial ducts; s.h..

septal nephridia ; si.v., septo-intestinal vessel, x cir. 17.

Fig. 2 (PI. 7).—A septal nephridium showing the course of the neph-
ridial tubule and its " ciliated tracts." a-a', the first ciliated tract ; h-b'.

the second, c-c, the third, cZ-J', the fourth ciliated tract; x, the place of

extrance and exit of the nephridial tube; h.c.t., the "brown ciliated

tube "
; o.h, the outer loop and i.l. the inner loop in the straight lobe ;

p.l., the proximal limb, and til. the distal limb of the twisted loop ; /.,

funnel, x 220.
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Figs. 3 to 7 inclusive are given in PI. 7.

Fig. 3.—The funnel of a septal nepbridium from the ventral side.

u.l, upper lip formed of tlie m.c, marginal cells; l.I. lower lip; n.,

nephrostome: f.n.t.. the free first part of the nephridial tube with

intra-cellular ciliated lumen ; c.e.c, ccelomic epithelial cells. X 8u0.

Fig. 4.—The funnel in longitudinal section, c.c, central cell ; m.c,

marginal cell with cilia presenting a bushy appearance ; other lettei-s as

above, x 800.

Fig. 5.—The funnel from the dorsal side. All the letters as above.

X 800.

Fig. 6.

—

A. B, C and D. A series of longitudinal sections of the

bodv-wall with the septa and septal nephridia attached, showing the

nephridial ducts crossing over the dorso-lateral vessel to enter the

septal excretory canal. 1, 2, 3, 4, 5, 6, the nephridial ducts in sections
;

s.e.c, the septal excretory canal ; dl.v., dorso-latei-al vessel ; nph.,

septal nephridia cut in various ways in sections ; b.ic, body-wall : in

B the nei^hridial duct Xo. 1 is entering the septal canal; in C the duct

No. 2 is beginning to enter, and in D it has been absorbed into the

septal canal ; other duets are seen to be travelling towards and

approaching the septal canal, x 125.

Fig. 7.—A diagrammatic representation of a part of the body-wall

with the septum attached, showing the dorso-lateral vessel and the

septal excretory canal. Two septal nephridia and several integu-

mentary ones are also shown. One of the latter is opening to the

exterior on the body-wall, s.s., setal sacs ; i.n., integumentary nephridia :

all other letters as in fig. 1, PI. 6.

Fig. 7a is a diagram in outline of fig. 7 to show the plane of the

sections (three indicated in the diagram) cut, portions of which sections

show the structiu-es depicted in fig. 6.

Figs. 8 to 10 inclusive are given in PI. 8.

Fig. 8.—A section passing through the dorsal j^art of the intestine

in the region of the intersegmental septum and the lymijh-gland.

showing the left supra-intestinal excretory dnct communicating vrith

the lumen of the intestine on one side of the tyjihlosole. si.e.d..

supra-intestinal excretory ducts, the one on the left opening into the

gut by a slit o.
; g. gut ; /. </.. lymph-gland ; ty., typhlosole. x 94.

Fig. 9.—Part of fig. 8 highly magnified. All letters as above, x 272.

Fig. 10.—A transverse section of the earthworm Pheretiina
posthuma passing through the fourth segment, showing the thi-ee

pairs of ducts of the pharyngeal nephridia in section, p.il.^, p.d.^.
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2).d.3 ; on the left side, the duct (jj.rf.i) of the pharyngeal nephridia of

the fourth segment is entering the pharynx (the other dncts enter in the

anterior sections), fo.w., body-wall; j:).7i., pharynx; ph.s., pharyngeal
shelf; ph.m., snpra-pharyngeal mass; d.v., dorsal vessel: v.c. nei-ve-

cord ; V.V., ventral vessel; p.d.^, duct of the pharyngeal nephridia of the

fourth segment, that of the left side entering the lumen of the j)harynx

;

p.d..2. duct of the pharyngeal nephridia of the fifth segment; 2).d.^, duct
of the pharyngeal nephridia of the sixth segment, x 120.

Fig. 11 (PI. 6).—A diagrammatic representation of the blood-supply or

the sej)tal and the integumentary nephridia. v.v., ventral vessel; )(.c.,

nerve-cord; S7i.v., subneural vessel; si.v., septo-intestinal vessel; p.v.,

parietal vessel; dl.v., dorso-lateral vessel; s.h., septal branch; tt.,

afferent nephridial vessel; ft'., efferent nephridial vessel; s.n.. septal

nephridia ; i.n., integumentary nephridia.

Fig. 12 (PL 6).—A septal nephridium of Pheretima posthuma,
showing the course of the blood-vessels in it. s.h., septal branch ; dl.v.,

dorso-lateral vessel; tt., the afferent nephridial vessel; ft'., the efferent

nephridial vessel ; dd., the top end of the forks where the afferent

vessel passes into the efferent vessel ; cc, cross-branches connecting the

afferent vessel with the efferent vessel, x 220.

Fig. 13 (PI. 8).—Poi-tion of an intersegmental septum showing the

sphinctered apertiu-es in Pheretima posthuma. s. c. spbinctered

apei'tures ; m.f., muscle-fibres traversing the septum, x 165.

N.B.—PI. 6 contains figs. 1, 11 and 12. PI. 7 contains figs. 2. 3. 4, 5,

fi. 7 and 7a. PI. 8 contains figs. 8, 9, 10 and 13.
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Review.

Text-Book of Embryology : Vol. II, Yertebrata, witli the

exception of Mammalia. By J. Graham Kerr, Regius

Professor of Zoology in the University of Glasgow.

(Macmillan & Co., Ltd., London, 1919.)

The interesting Fish and Amphibians collected abroad by

Prof. J. Graham Kerr and his friend Mr. Budgett have

provided the material for a series of important contributions

to our knowledge of the development of vertebrates in the

pages of this Journal and elsewhere. Zoologists have there-

fore eagerly looked forward to the appearance of this the

second volume of the ' Text-Book of Embryology,' of which

the first volume—on the Invertebrata—was written by Prof.

MacBride and reviewed four vears a^o : and thev will not be

disappointed, for Prof. Kerr has produced a strikingly original

work of real merit. Unlike many text-books it is not a mere

conscientious compilation, nor has the author aimed at writing

a complete and comprehensive work of reference. Rather

has he endeavoured to illustrate the fundamental results of

the study of embryology, omitting mere descriptive detail,

and avoiding the accumulation of data without special signifi-

cance. As he truly remarks in the preface, such masses

of detail " have tended to obscure general principles and inci-

dentally to smother interest in one of the most fascinating of

sciences." It must not be thought, however, that this hand-

some volume devoted to the Lower Vertebrata (Yertebrata,

with the exception of the Mammalia) is filled with vague

speculations; on the contrary, it conveys a vast amount of

information, facts and relevant detail being set forth with

admirable clearness to support the author's views.

The first chapter deals with early development from the
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zygote to the establishment of the gerni-layers, and is followed

by accounts of the skin and its derivatives (including the

nervous system), the alimentary canal, the coelomic organs,

the skeleton, the vascular system and the external features

of the body. There is then a chapter on adaptations to

external environmental conditions, including foetal mem-
branes, and another on general considerations. Chapter X
is devoted to a practical study of the embryology of the chick,

while Chapter XI contains valuable "hints regarding the

practical study of the embryology of various types of the

lower vertebrates." The book closes with a useful appendix

on methods. It is to be regretted that no introductory

historical sketch is given of the growth of the science,

pointing out the main steps in our knowledge and interpre-

tation of the embryology of the Vertebrates. Such a review

would stimulate the imag'ination of the reader, and help him

to preserve a due sense of proportion in dealing with the many
aspects of this vast subject.

Ever}^ chapter is interesting. The author, deeply impressed

with the importance of his subject, boldly attacks contro-

versial questions, defending his own theories with great skill.

Thus, if the reader is not always persuaded, his interest is

constantly kept alive, he is stimulated to further inquiry, and

not seldom roused to opposition. Throughout, the work of

the author and his colleagues on Lepidosiren and Polj'pterus

is made to bulk ver}" large, and if there is a weak point in

the general treatment it is that the generalisations seem to

be often based on too narrow a foundation. Valuable and

instructive as these archaic fish may be for the science of

embryology, it is difficult to avoid the conclusion that the too

intensive stud}^ of these specialised types has sometimes

warped the perspective of the author's outlook, biassed liis

deductions, and occasionally led him to neglect the work of

others on types often much more suitable for the solution

of the questions at issue. Thus, while we have nothing but

praise for the masterly way in which he has marshalled his

facts and dealt with some of the main features of the
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embryology of the Vertebrates, we are unable, unfortunately,

to accept many of his general conclusions.

Discussing the origin of the mesoderm in Chapter 1,

Prof. Kerr suggests that the place of origin of the entero-

coelic pouches of Amphioxus, where transient stalks are

formed uniting them to the endoderm, is represented in the

higher forms, not by the more dorsal junction of mesoderm

and endoderm on either side of the notochord, but by the

Text-fig. 1.

(This is Fig. 33 of the Text-book.)

Diagram illustrating (B) the origin of mesoderm from endoderm in an

Amphibian, and {A and C) the two methods of correlating it with the

mode of mesoderm formation in Amphioxus. a, ventral and b, dorsal

connection of mesoderm with endoderm. X. Xeural tract, ent.

Cavity of the enteron. ed. Ectodermal cell-layer.

more ventral or peripheral edge of the mesodermal plate (as

shown in the accompanying diagrams, Text-figs. 1 and 2). Now
it does not seem to have been convincingly shown that, in any

Vertebrate, mesoderm is really derived from the endoderm at

this peripheral margin, except in so far as the margin repre-

sents the stretched and modified lip of the blastospore. The

derivation of the mesoderm in Vertebrates has been so much
modified in the trunk by the accumulation of yolk and the

specialisation of the blastoporal lip for growth in length, that

it may be doubted whether its development will ever be fully

understood until some painstaking embryologist studies the
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whole question anew with the help of wax reconstructions.

But surely the author's snggestion is quite inconsistent with

what we know of the development of the mesodermal segments

Text-fiOt. -2.

(This is Fig. 4<) of the Text -book.)

mes

end.

nj?

fries.

ent

nr

ent.
erit.

Semi-diagraiiimatic transverse sections through the embryos of various

veiiebrates to illustrate the origin of the mesoderm. A. Amphi-

oxus ; 5, Petromyzon ; C, Lepidosiren ; D, Amphibian : E, Elasmo-

branch.

in the anterior head region of the Elasmobranch, and still

more with what we know of that of the Cyclostome, where

they grow out as pouches on either side of the notochord just

as in Aniphioxus.

The development of the peripheral nervous system certainly

deserves more detailed treatment than is here accorded to it

;
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on the other hand an excellent account is given of the three

main theories of the origin of nerve-fibres and the evidence

on which they are founded. The cell-chain theoiy supported

by Balfour having been rejected^ there remain 'the outgrowth

theory' of His and 'the primitive continuity theory' of Hensen.

The question is : Does a nerve-fibre grow freely outwards

from its neui'oblast to its destination—has it a growing point?

Or is it gradually differentiated along a pre-existing proto-

plasmic strand ? Prof. Kerr holds strongly to a modification

of Hensen's view, believing that protoplasmic tracks first

become established, then conduct nerve impulses, and that

finally nerve-fibres become differentiated along them. He
illustrates his theory with a striking simile: ''As each

successive passer-by causes a jungle pathway to become more

clearly defined, so each passing impulse makes the way easier

for its successors." Yet in spite of liis ingenious arguments

it is difficult not to believe that the evidence is on the whole

more in favour of the theory of His. How else are we to

account, for instance, for the " cone of growth " figured

by Cajal at the tip of a developing fibre ? Or, again, for

the free endings—described by Neal—growing out of tlie

nerve-cord in Elasmobranchs, and so like those seen in

Harrison's well-known experiments on nerve-fibres growing in

lymph ?

It is interesting to read (p. 202) that in Lepidosiren not

only the inner wall of the myotome produces muscle, but also

the outer wall, for this occurs in Amphioxus as well; the

doctrine of the cutis-layer must be revised. Probably because

Lepidosiren is of little use for working out the segmentation

of the head, the treatment of this important question is some-

what unsatisfactory. Following Fiirbringer and other German
writers it is assumed that one or several myotonies have been

suppressed below the auditory capsule, that they do not

correspond to the gill-slits, and that many myotomes have
been pushed forward and reduced in the occipital region.

Since this subject has been quite recently discussed in some
detail in this Journal (vol. 63, p. 1), it is unnecessary here to
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repeat the evidence against these very doubtful propositions,

and it need only be added that it is difficult to see any evidence

whatever for the suggestion, made by Prof. Kerr, that the

simplicity and uniformity of segmentation in the head region

of the Cyclostomes and Amphioxus is secondary.

One of the best chaptei's is that dealing with the vascular

system, especially the heart ; and the account of the develop-

ment of the heart of the bird, illustrated after the original

drawings of Greil, strikes us as particularly good. Less

satisfying is the part on the skeleton'—no doubt a very

difficult subject to treat in a book of this kind. Yet some-

thino- more might have been done to bring out "principles"

—for instance, the distinction between the axial and the

visceral skeleton. But it is probably with regard to the

origin of the paired limbs that morphologists will find them-

selves most at variance with the author. Prof. Kerr would

have us believe that the girdle is derived from a gill-arch

and the limb from an external gill—a truly startling theory!

To begin with, these external gills, found only in Polypterus,

some Dipnoi and Amphibia, are obviously larval organs, and

it remains to be proved that they are anything but precocious

and specialised parts of the ordinai-y gill-system. There is no

reason to suppose that they have ever occurred in Cephalochor-

dates, Cyclostomes, or Elasmobranchs. They would appear

to have arisen long after the median fins and probably long-

after the paired fins as well. Moreover, he would have us

believe that from such a filamentous limb, like that of a larval

Lepidosiren, arose the extended fins of fishes on the one hand

and the pentadactyle limb on the other ! For Gegenbaur's

original "trill-septum theory" something may be said; it

played, perhaps, a useful part in stimulating controversy and

research. As knowledge has advanced, however, it has

' With regard to Prof. Kerrs statement on p. 336. that there is no good

i-eason why the shiny outer layer of ganoid scales should not be called

enamel, it may Ite answered that gani.iine appears to differ from ti'ue

enamel in development, in minute structin-e, and in pliylogenetic origin.

That ganoine is merely modified bone can scarcely be doubted.
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secured less and less support^ and it is now generally

admitted that the evidence of comparative anatomy and

embrvology is overwhehningly against it (see R. C. Osburn,

' An. New York Ac. of Sci.,' 1906, and Goodrich in this

Journal, vol. 50, 1906). Xot all the special [)leading indulged

in by Prof. Kerr can shake this conviction. The marvellous

correspondence in almost every detail of adult structure and

embryonic development between the paired and the unpaired

fins, the fact that they both arise as longitudinal folds, derive

their muscles from the myotomes supplied by nerves from the

ventral root system, and their blood from the somatic inter-

segmental vessels, is sufficient to show that the paired fin and

the girdle which is developed in direct connection with its

skeleton are fundamentally somatic or body-wall structures.

The gill-arch, on the contrary, belongs to the visceral system,

is developed from the splanchnic mesoderm, and derives its

intrinsic musculature from the splanchnic lateral-plate-meso-

derm supplied by the dorsal-root-s^'stem of nerves and its

blood-supply from the arterial arches. Similarly the gill-

septa and the gills developed in connection witli them

derive their muscles, nerves and blood-vessels from the same

sources. Surely to seek to minimise the significance of these

facts is to obscure those vei-y " general principles " of verte-

brate embryology which the author had set out to explain.

There is an excellent account of the development of the

renal organs in Chapter IV, though it is disappointing not

to find a description of the origin of the Miilleinan duct in

Dipnoi, which might be expected to throw valuable light on

the still very obscure question of its homology. The author

ably supports the " archinephric theory " originally put forth

by Lankester (1877) and further developed by Sedgwick

(1881), according to which "pronephros, mesonephros and
metanephros are simply successive ]iortions of a single

elongated ancestral excretory organ possessing a duct and

segrrientally arranged serially homologous tubules." The
introduction of the new term " opisthonephros " for the whole

set of kidney tubules behind the pronephros in lower Craniates,
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to distinguish it fi-om the differentiated mesonephros and

met;inephros of the Amniota, should be welcomed by embrvo-

logists and help to dispel a confusion in nomenclature.

When discussing the origin of the renal organs of the

Yertebrata, Prof. Kerr reviews the whole question of the

homology of excretory organs and genital ducts in the Coelo-

mata, and rejects the interpretation put forward by the

reyiewer in this Journal in 1894 and deyeloped in seyeral

papers since. Briefly his view seems to be as follows : In an

imaginary ancestral form somewhat resembling an Actinian

in build, excretory tubes with flame-cells were present to

remoye Avaste products. When the enteroccelic pouches,

whose walls are supposed to have giyen rise to the gonads,

became shut off from the gut, the genital products, seeking

out a weak point, escaped tln*ough the nephi'idia, whose inner

ends happily came into proximity with the wall of the coelom.

Such points of temporary rupture gave rise to permanent

funnels. Gradually excretory products came to pass through

the funnels and the flame-cells disappeared. The paths of

the genital cells and the excreta would then tend to become

separated. Here the author's usual lucidity seems to desert

him ; for it is not at all clear fI'om the text how these conclu-

sions are to be applied to the Craniate Vertebrates. Judging,

however, from the diagrams on p. 239, and here reproduced

(Text-fig. 3), he would consider the renal tubule of a vertebrate

to be fomned by the grafting of a coelomic funnel on to a

nephridial tube—to be, in fact, a nephromixium ! We need

hardly point out that for this interpretation he gives not the

slightest evidence. It has taken generations of embryologists

and piles of literature to explain the real development of the

vertebi'ate kidney, and if there is one fact which may be con-

sidered as firmly established, it is that the whole tubule as

well as its longitudinal duct is directly or indirectly derived

from the coelomic wall. Thus Prof. Kerr persists in confusing

two sets of organs of different origin and history under the

one name " nephridium "
; moreover, he appears not to have

realised that there are two kinds of funnels opening into the
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coelom—the nephrostome and the coelomostome. The fact is

that Avhen discussing this question too much attention is

generally focussed on the nephridium. There is really no

Text-fig. 3.

(This is Fig. 131 of the Text-book.)

end.
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Diagram illustrating a possible mode of evolution of the archinephvic

duct, a.n.d., archinephric duct; c.f.. ccelomic funnel ; ecel.. ccelomic

cavity; cl.o., cloacal opening; ecf., ectodei-m; end., endodevm ; fc,

flame-cell; n., nephridial tube.

reason to mention the nephridium at nil, nor need we call iu

hypothetical ancestors of dubious structure. It need only

be granted that the remote ancestor common to the Verte-

brata and other Coelomata (Triploblastica) Avas provided with

gonadial sacs, from whose walls were developed ducts for the
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escape of the genital products. These ducts are found in all

the lowest grades of the Coelomata, such as the Platyhelmia

and Eotifera ; in the Mollusca and Echiuodermata, where the

ccelom becomes extensive ; and in the Nemertina, where the

gonadial pouches and their dncts begin to become meta-

mericall}' repeated. In the segmented worms, Oligochtetes

and Hirudinea, the ducts occur in all the fertile segments,

and again persist in var3nng number and situation in the

different groups of Arthropods. Thus, while these ducts are

found in all the triploblastic Invertebrata, it is only in the

one group Polychasta that a connection arises between them

and the nephridium ; and even among these worms the

Capitellid^ and Nei-eidge preserve quite independent coelomic

ducts, which, in the former family at least, open to the exterior

to carry out the genital products in the way characteristic of

the vast majority of the Coelomata. Turning now to the

Vertebrata, we find that the Craniates are provided with a

similar series of tubules developed as outgrowths of the

ccelomic wall, many of them (at all events in male Gnatho-

stomes) retaining as genital ducts their original function.

Is there any sound reason for refusing to accept the natural

conclusion that these ducts are homologous throughout the

Coelomata ? We certainly can find none in this book. That

certain regions of the coelom have become sterile and adapted

to excretion, and that there has been a corresponding division

of labour among the coelomic ducts, some keeping to their

primitive function and others becoming converted into renal

tubules, among Arthropods, Molluscs and Vertebrates, is only

another instance of that modification in the course of evolution

so familiar with other organs, especially in a metameric series.

In such forms the true nephridia naturally tend to disappear.

Much interesting and novel matter is given in the chapter

devoted to developmental adaptations; while in that on

general considerations there are good discussions on cellular

continuity and the influence of yolk in development. But

few. embryologists, we think, will follow Prof. Kerr in his

adherence to the " protostoma hypothesis" of Sedgwick. It
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is closely dependent on the theory that the Coelomata are

descended from an Actinozoon-like ancestor, whose mouth,

surrounded by a nerve-ring and derived from the persistent

blastopore, became elongated and closed in the middle,

leaving openings at each end representing the mouth and

anus. Further, the gastral chambers of the Actinozoon are

supposed to give rise to the coelomic pouches of the higher

forms. It is a little disconcerting to find at the outset that

gastrulation is not the commonest method of development

among the Actinozoa, that the mode of formation of the

ingrowing- mesenteries bears no resemblance to that of the

intersegmental septa in Coelomates, and that their order of

appearance is utterly unlike that of true segments, which

develop regularly from behind forwards. Moreover, neither

segments noi- anus have yet appeared in the lowest Coelomates.

Surely the natural conclusion of an unprejudiced observer,

who found that in the various groups a blastopore may not

occur at all, or when it does that it may coincide sometimes

with the mouth, sometimes with the anus and at other times

Avith neither, that it is sometimes more dorsal and at other

times more ventral, would be that this blastopore is, so to

speak, merely a developmental device for securing the ready

ovei-growth of the endoderm cells by the ectoderm, and cannot

have the phylogenetic significance so often attributed to it.

However this may be, let us examine more closely the

protostoma-theory as applied to the vertebrates. We must

suppose that in some unexplained way and by a remarkable

acrobatic feat the aiicestor pushed one corner of its mouth

below its head and the other below its tail. According to

the theory the neural folds or edges of the neural plate

would represent the lip of the elongated blastopore, and both

the mouth and the anus should be formed within the neural

area. Now it is doubtful whether the proctodeum ever arises

within it, and the stomodasum certainly never does. The

blastopore gives rise to the neiirenteric canal, always enclosed

by the neural folds behind. The adoption of the protostoma

theory would also commit one to tiie " concrescence theory,"
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according to which the whole dorsal region of the vertebrate

body is supposed to have been formed by the fusion of the

lips of the blastopore from mouth to anus along a line running

through the floor of the neural canal. Space will not permit

us to repeat the many serious—not to say fatal—objections

brought forward against this view by competent observers.

The whole question has been very efficiently dealt with by'

Assheton (see " Growth in Length '' and other papers in this

Journal and elsewhere), whose work is not even mentioned

by Prof. Kerr in this connection. Assheton's contention that

throughout the Vertebrates growth in length of the dorsal

region takes place in front of the blastopore by proliferation

from its dorsal lip, which is thus always carried backwards

at the extremity of the tail, is, we believe, being generally

accepted by embryologists. The true relation of the anus to^

the blastopore in Vertebrates is still very obscure.

If the reviewer seems to have dwelt at inordinate length on

points of disagreement it is with no wish to find fault, but

with a genuine desire to get at the truth by frank discussion.

It is just on these questions about which there is difference

of opinion that more research is needed, and we may hope

that when Prof. Kerr is preparing a second edition of this

valuable book he will revise some of his conclusions and give

new and more convincing evidence for his views.

Finally we must express our admiration of the numerous

illustrations adorning this volume, due for the most part

to the skill of Mr. Kirkpatrick Maxwell. A large number of

the figures are new to text-books and taken from the author's

own works or those of his pupils. Author, illusti-ator and

publisher are to be congratulated on having produced such

an attractive volume.

E. S. GOODKICH.
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The posterior pole of the ovum of many Arthropoda, and
especially of Holometabolous Hexapoda, has been shown to

contain a cytoplasmic aggregation which ultimately becomes
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segregated into the germ-cells during early segmentation

stages (4, 15, 21). On account of this the polar aggregation

has been called the germ-cell determinant. In this paper I

have made some attempt to ascertain the origin and composi-

tion of the germ-cell determinant, and I have also taken the

opportunity to draw attention to the remarkable accessory

or secondarv nuclei.

1. Material and Methods.

The biology of Apanteles and Microgaster has been treated

in two other papers (8, 9).

Pupte or newly emerged imagos were found to contain

developing eggs in stages old enough for the purpose of this

research. The abdomens of the insects were snipped off,

teased open and fixed in a variety of fluids ; Flemming-without-

acetic acid (F.W.A.), Champy, Altmann, Benda, Kopsch (7),

Golgi, Cajal, Mann, picro-nitric, Carnoy, Gilson-Petrunke-

witsch were among the methods tried. Glycogen techniques

were also used. The sections were stained in a variety of

methods.

2. General Note on the Insect Ovary.

In insects the ovary consists of a number of tubes or

ovarioles containing eggs in different stages of developmeut,

those nearest the oviduct or the posterior end of the ovariole

being ripe, while those at the upper end or apex of the tube

are minute. These stages are arranged in a linear series, and

between two oocytes one usually finds a group of nurse-cells

(Text-fig. 4). The nurse-cells in most' insects appear to be

true germ-cells and are often connected to the growing egg

by means of cytoplasmic rings, which show that the nurse-

cells and the egg they nourish belong to the same cell-genera-

tion (14). In the ovariole the polai'ity of the egg is definite;

the anterior pole of the egg lies towards the head of the

insect, the posterior pole towards the genital opening. The

germ-cell determinant is found to appear in the posterior
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pole of the egg, while the oocyte nucleus lies towards the

anterior pole of the egg-cell (Text-figs. 1 and 4).

At the apex of the ovariole all the cells are at first similar

in appearance and size ; as one follows the series down the

tube certain cells are found to enlarge, apparently at the

expense of the others, and become oocytes, while the remaining

cells either become nurse-cells, or form an epithelium around

the oocyte and are then follicle-cells (Text-fig. 5). According

as to whether a germ-cell becomes a follicle, nurse- or egg-cell,

the nuclear and cytoplasmic elements become characteristically

altered as shall be shown below.

3. Peevious Work.

Hegner (14) appears to be the only other observer who has

examined the oogenesis of Apanteles glomeratus. In his

valuable paper Hegner describes how at an early stage the

oocytes acquire an epithelium and are accompanied by a group

of nurse-cells. In the nucleus of the young oocytes the chro-

matin mass is very large, but later expa.nds to form a spireme,

and the nucleus becomes filled with chromatin threads—

a

condition which persists much later. When the oocytes reach

their definitive size the chromatin threads contract into

chromosomes, which apparently unite in pairs, as in Copidosoma

(also described by Hegner), and become arranged side by

side on an asterless spindle. Finally, the chromosomes con-

dense to form a solid lump, as has been shown to occur in

many parasitic Hymenoptera (4). Some time before the oocyte

nucleus breaks down to form the chromosomes, there appears

within the cytoplasm of the anterior half of the oocyte a

great number of spherical bodies which are arranged in and
below the zone of the large oocyte nucleus. These are

secondary nuclei, which were first described by Blochmann

(1) in certain other Hymenoptera, and the substance within

them stains like chromatin. The secondary nuclei are present

for only a short time, having all disappeared before the nucleus

condenses (see 4, 15).
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In tlie Diptera, Lepidoptera, Heraiptera and in some

Coleopteraj Stuhlniann (22) also describes such secondary

nuclei.

Blochmann (1) considered that the secondary nuclei (he

calls them " Nebenkerne ") are formed by a process of budding

from the oocyte nucleus. Korschelt (17) considered they

arose from epithelial cells. Loyez (18) thought that the

secondary nuclei Avere not derived from the germinal vesicle

by budding, but resulted from a fluid or granulose emission

from the oocyte nucleus. Hegner (14) appears to espouse

this view, and concludes that "the oocyte nucleus gives off

materials into the cytoplasm which become enclosed by a

membrane and develop into nuclear-like bodies." It should

also be mentioned that Loyez considers that the secondary

Desceiption of Text-figs. 1-10.

Fig.l.—Diagram of egg of Apanteles glomeratus showing iV., the

head nucleus ; AN., the accessoiy or secondary nuclei at the peri-

phery of the egg; and GCD., the germ-cell determinant. Fig. 2,

—

Showing the origin of a secondary nucleus of Apauteles from a

solid chromatoid granule. The linin and nuclear membrane
develop around the latter. Fig. 3.—Oocyte and nurse-cells (NC.)
ofCopidosoma Buyssoni (Mayr.), after Silvestri (21). At
CVF. is Silvestri's cloud of graniiles, supposed to give rise to the

germ-cell determinant. .A^. Nucleus ; FOL. Follicle cells. Fig. 4.

—One egg-tube or ovariole of Apanteles glomeratus, showing
linear arrangement of developing oocytes (OT.), and groups of

nurse cells (NC). At N. is the nitclens of the oldest oocyte, and
at GCD. the developing germ-cell determinant. OB. Oviduct.

Fig. 5.—Diagrammatic figure of iipper part of ovariole to show
origin of oocyte nurse-cells and follicle-cells. At OT. is one inner

cell enlarging to form an oocyte ; the cells marked FX. will even-

tually form the celhilar layer of the egg (or follicle), while those in

the region NX. wuU become nurse-cells. O.T.W. Ovarian tube wall.

Fig. 6.—Part of oocyte of Camponotus herculeanus to show
primary or head nucleus (JV.), and around it the secondary nuclei

(AN.). Note different appearance of latter. After Hegner (14).

Fig. 7.—Oocyteof Myrmicina sp. showing the primary nucleus at

N., and around it a group of secondary nuclei (AN.) These stain like

the head n\icleus (N.) At XA N. is a group of secondary nuclei which
have wandered from the region of the head nucleus. Y. Yolk.

After Bucliner (3). Fig. 8.—Two secondary nuclei of Rhyssa (Ich-

nexmion) to show budding and amitosis. After Buchner (3). Fig. 9.

—Nucleus of egg of Rhyssa, showing apparent origin of secondary

miclei, by expulsion of nucleolar material from the head nucleus.

After Buchner (3). Fig. 1(>.—Nucleus of egg of Rhyssa, showing
three accessory nuclei (AN.) inside. After 13uchner (3).
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Text-figs. 1-10.
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nuclei may have some function in the formation of the yolk.

All observers find that the secondary nuclei sooner or later

disappear ; exactly how has not been determined.

In other insects Hegner (15) has studied the cytoplasmic

inclusions—mitochondria and other bodies; this, however, was

not done in Apanteles, since his material was fixed in Carnoy

and Bouin. In the beetle Leptinotarsa decemlineata,
this observer describes the cytoplasm of the very young

oocytes as homogeneous, figuring no inclusions. After a short

time the oocytes form a linear series in the ovariole, and soon

there appears in the cytoplasm a number of granules staining

with the crystal violet after Benda's method. The cytoplasm

growing, becomes filled with more and more granules which

become situated near the periphery. The central cytoplasm

is of a homogeneous nature, the peripheral crowded with

granules and spherical bodies of various sizes. Hegner thinks

that the mitochondria lying near the periphery increase in

size, swell up, lose their affinity for crystal violet, and finally

form the large yolk-granules.

With reference to the mode of origin of the germ-cell

determinant in Leptinotarsa, Hegner thinks that the mitochon-

dria might be responsible for its appearance. He could not

determine the mode of origin of the germ-disc, but considered

that it might be derived from— (1) the cytoplasm of the

egg, (2) the cytoplasm of the nurse-cells, (3) the chro-

matin of the germinal vesicle, (4) chromatin from the nurse-

cells, (5) nucleolar substance from the germinal vesicle or

nurse-cells or both, and (6) bodies of a mitochondrial nature.

It may be safely remarked that with the exception of yolk

and Golgi apparatus, Hegner mentions as the possible source

of origin of the germ-cell determinant every likely cell con-

stituent known to cytologists. Hegner apparently does not

feel in a position to eliminate from his list any one of the

possible sources of origin of the determinant but appears to

be attracted by the last section—No. 6.

Silvestri (21), using sublimate-alcohol-acetic acid as fixa-

tive, describes in Copidosoma buyssoni, a polyembryonic
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Chalcid, the origination of the germ-cell determinant as

" una sostanza iin po' piu colorita deW ooplasma e meno della

cromatina e formante come una sorta di cuffia alia parte

posteriore della vesicola. Di questo stadio io ho pochi

preparati e non molto belli, percio non mi credo autorizzato

ad afferraare in modo assoluto la presenza di tale sorta di

cuffia alia parte posteriore della vesicola." In Text-fig. 3

I have copied one of Silvestri's figures, showing at CUF. the

" sorta di cuffia/' which he thinks may have something to do

with the origin of the germ-cell determinant. As will be

shown below, Silvestri's juxta-nuclear "cuffia" is really

unconnected with the germ-cell determinant, but is the partly

collapsed remains of the mitochondria. Martin (19; also tries

to find some condition inside or near the nucleus to account

for the origination of the germ-cell determinant, figuring the

germ-cell determinant as appearing on that side of the

nucleus which contains a darker mass of chromatoid substance.

Martin's evidence is not satisfactory. The chromatoid mass

on one side of the nucleus is merely the typical bouquet stage

figure of the maturation prophases, and there is no e'V'idence

that this is connected with the appearance of the germ-cell

determinant.

Paul Buchner (3j, in a recent exhaustive study of the

accessory nuclei in the hymenopterous oocyte, has examined

Solenius vagus, Andrena sp., Bombus agrorum,
Camponotus and Myrmecina sp., Rhyssa and Allantus sp.,

Arge pagana and Tenthredo mesomelas. In all

these forms he finds secondary nuclei. His paper does not

enter specially into the questions surrounding the germ-cell

determinant. Buchner's conclusions with regard to the

secondary nuclei are as follows :
" Die akzessorischen Kerne

enthalten keine Chromosomen, im iibrigen gleichen sie dem
Hauptkern, indem sie mit Liningeriist, Nukleolen, Enchylem
uiid Membran verseheu sind." Again, " Die akzessorischen

Kerne sind auf anfangs nakt im Plasma liegende Chromatin-

granula zuriickzufiihren. Um diese entwickelt sich Enchylem
Membran und Geriist, wiihrend sie selbst zu den Xukleolen
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des akzessorischen Kernes werden." And, ^' Cliromosomen

sind audi zur Bildung eines Metazoenkernes nicht unum-

gcinglich notig, sondei-n lediglicli Chromatin/' In addition he

considers that " Chromosomen und Xucleolen sind in der

Eizelle in hohem Grade unabhangig voneinander."

The last statement is possibly thought to get over a diffi-

culty which I have emphasised below in my discussion on the

origin of this chromatin which gives rise to the secondary

nuclei (page 148).

Buchner shows clearly that the secondary nuclei originate

from grains of chromatin which in some cases are large enough

to be found passing through the nuclear membi-ane. In Text-

figs, 7, 8, 9 and 10 I have given four of Buchner's most

remarkable figures, illustrating forms which differ from

Apanteles, and which give more definite evidence as to the

origination of the accessoiy nuclei.

In another recent paper (20), J. Xusbaum-Hilarowicz

discusses the behaviour of the mitochondria during the

oogenesis of Dytiscus marginalis. He has demonstrated

a Golgi apparatus in the egg. In the oogonia there is a cyto-

plasmic aggregation near the nucleus, which he calls " Idio-

zomreste," and the mitochondria tend to lie around this region.

During the oogonial divisions the mitochondria, which are fine

and rod-like, become partly caught up in the astral rays. In

Dytiscus the young eggs are connected to the nurse-cells by

a zone of cytoplasm, as has been shown by Korschelt (16),

and Nusbaum-Hilarowicz shows that most of the mitochondria

lie in and partially form such cytoplasmic stalks. Besides

yolk-granules the author describes the formation of large fat-

granules.

The Golgi apparatus was demonstrated by a modification of

Kopsch's method as follows :—Fix whole ovary (or ovary

+ viscera surrounding it) for two hours in this mixture : 1

part of 2 per cent. OsOp and 3 parts of corrosive sublimate

saturated in normal saline. Then transfer, aftei" slight

washing in water, to a 2 per cent, solution of OsO^. The

tube containing the latter is kept ten days in a thermostat at
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a constant temperature of + 23° C, afterwards slightly

washed in water, dehydrated, cleared, and embedded in wax.

Sections may then be treated in turpentine to remove the

bulk of the fat stain, if desired.

Except for the raising the temperature this method is similar

to one recommended by me elsewhere (7). I find this method

does not always succeed, but it does sometimes give results

where ordinary Kopsch treatment fails.

4. Secondary Xuclei op Apanteles.

The secondary or accessory nuclei of the oocyte of Apanteles

arise after the egg has grown till it has lost its round shape

and become oval and elongate (Text-fig. 4, e and /) . In the

most perfect preparations of the ovary that one can make
these peculiar bodies are found to arise as minute solid

chromatoid granules ; they appear in the egg-cytoplasm far

removed from the true nucleus. In Text-fig. 2 a number of

stages showing the manner of origin of the accessory nucleus

are given ; at first the chromatic granule is solid and naked,

but soon a distinct nuclear membrane appears around it, and

the structure looks like a sphere surrounded by a thin ring.

Later the extra-spherical ring (nuclear membrane) grows and

gradually a linin network may be seen. Eventually the sphere

of chromatic substance after growing may break up into

several parts, or it may remain discrete. In Apanteles the

larger secondary nuclei resemble the true or head nucleus to

the smallest details, and one who did not know that these

bodies had originated in a peculiar manner would unhesitat-

ingly pronounce them to be normal nuclei, capable of under-

going mitosis (PI. 9, fig. 11, S.N.).

Some time before the ovariaij oocyte has become ripe the

secondary nuclei disappear by a process of degeneration or

chromatolysis. The nuclear wall disintegrates and the other

secondary nuclear elements become indistinguishable from

the ground cytoplasm.
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5. The Mitochondria.

All tlai'ee ovarian elements, egg, nurse- and follicle-cell, have

a common derivation as explained. The indifferent cell is

drawn in PI. 9, fig. 1 ; the mitochondria at M. are fairly

conspicuous granular formations. In each ovarian element

the mitochondria have a special character ; in the follicle-cells

they remain unchanged (PI. 9, figs. 6, 11) ; in the nurse-cells

they change profoundly, becoming extremely numerous and

fine. They are then closely grouped around the nucleus. In

PI. 9, fig. 7, is a young nurse-cell; its mitochondria are not

much finer than those of the indifferent cell, but are more

numerous. Gradually these mitochondria divide and multiply

till they form a dust-like halo around the nucleus (PI. 9, figs.

8 and 9,M.).

Inferior fixation causes the mitochondria to collapse and

fuse partly to form a number of concentric rings around the

nurse-cell nucleus ; even in the best preparations the very

fine mitochondria form a thick impenetrable layer around

the nurse-cell nucleus. The rest of the nurse-cell cytoplasm

has some mitochondria in it, but less closely packed.

In the follicle-cells the mitochondria keep large, and much
like those of the indifferent cell (see PI. 9, figs. 4, 5, and 11).

The history of the mitochondria in the egg is quite different.

In the young oocyte undergoing the early prophases of the

maturation divisions as in PL 9, figs. 2 and 3, the mitochon-

dria are coarsely granular and tend to lie around an archo-

plasraic sphere {A.B.). The Golgi apparatus will be found to

lie upon this sphere, but so far I have been unable to demon-

strate it either by Kopsch or Cajal technique. In the larger

insect Dytiscus, a water-beetle, Nusbaum-Hilarowicz has shown

a Golgi apparatus to be present in ovarian and follicle cells.

It takes the form of small rings or half hoops very like that

of Helix (5) or Lepidoptera (6). The granular oocyte mito-

chondria gradually spread around the nuclear periphery as in

PI. 9, fig. 4. About this time they lose their granular

appearance and become at first elongate and then filiform.
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In PI. 9, fig. 5, this is just happening. After this stage the

granules tend to pass outwards through the cytoplasm, often

leaving a space around the nucleus, CS. in PI. 9, fig. 6.

Notice in this figure the difference between follicular {F.) and

oocyte {M.) mitochondria. Just after the stage in PL 9,

fig. 6, the mitochondria pass throughout the entire egg cyto-

plasm (fig. 10), and yolk begins to appear at the periphery

of the oocyte. In later stages the mitochondria increase enor-

mously in importance and may form thick matted masses in

the egg (PI. 9, fig. 11,3/.).

6. The Yolk (Deutoplasmogenesis).

After the mitochondria have spread throughout the egg
and have become filamentary, there ensues a period in Avhich

the periphery of the egg becomes markedly well supplied

with a matted dense cloud of mitochondria (PI. 0, fig. 6).

As yet no yolk has appeared ; the first sign of yolk is found

in the appearance of tiny spheres close to the periphery of the

egg, beneath the follicle Avail and in the mat of mitochondria.

As the egg grows older (PI, 9, fig. 11, Y.D.) the yolk-

spheres become much larger, but still are found only around
the peripheral ]ajer on the oocyte.

Subsequently the spheres spread inwards, becoming larger

as they do so, and eventually the entire substance of the egg
is found to be loaded with the spheres. It is during this

process that the secondary nuclei attain their largest size ; as

has been remarked, the latter lie on the periphery of the egg
as shown in PI. 9, figs. 11 and 12, and in Text-fig. 1, and the

inference is that they are placed there in order that their

influence may be used in causing the formation of food-yolk.

In no case did I find anything which Avould suggest that

yolk was formed by metamorphosis of the egg mitochondria,

and I consider that this is not a usual occurrence in oogenesis.

7. The Composition of the Germ-Cell Determinant.

The following fixing and staining tests were carried out on
the germ-cell determinant.
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Chrome-osmium.—Fixation of the ovai-y in Flemming-

without-acetic and staining in iron-hgematoxylin and orange

G- or in safranin gave the result drawn in PI. 9, fig. 12.

The determinant before staining looked a yellowish-brown

colour, and after staining a dark brown to black colour. It

was made up of granules, in the eai-ly stages at least (such

as in fig. 12), and these grains were spherical and seemed

something apart from the rest of the egg cytoplasm. Xo
cytoplasmic reticulum to be seen in preparations fixed as above.

The mitochondria appeared in the egg as fine filaments,

generally several tangled and matted as in Pi. 9, fig. 11, M.

Mitochondria were found quite close to and often seemingly

at the edge of the substance of the germ-cell determinant.

Yolk-discs were yellowish by this method and beautifully

preserved; they did not actually He in the substance of the

germ-cell determinant, but some passed ai'ound under the

posterior end of the determinant as at Y.D.X. in PI. 9,

%-12.
K op sell's Method.—This method consists in leaving

material in 2 per cent. OsO^ for two weeks. By it fat and

generally Golgi apparatus are blackened ; lecithin and ground

protoplasm go a yellowish to light broAvn in Kopsch. In

PI. 9, fig. 13, I have drawn the posterior pole of an egg at

the same stage as in PI. 9, fig. 12.

This test shows that the area of activity of the formation of

the germ-cell determinant is not confined to the inner region

of the pole of the egg, as in PI. 9, fig. 12, but is spread over the

entii-e posterior pole; this is indicated by the fact that Avhile

the darkest part of the egg lies at G.C.D., in PI. 9, fig. 13, the

area immediately below and at the sides is much darker

than the cytoplasm not in the region of the germ-cell determi-

nant. No structure or area in the egg at tliis stage could be

made to go black with OsOp the natural inference conse-

quently being that the germ-cell determinant does not con-

tain fat (olein).

Fixation of the ovaries in ])icro- nitric has the effect of

removing all the yolk and apparently all signs of mitochondria.
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Even though this treatment removes all yolk-discs as shown

in PI. 9, fig. 14, it has not the effect of removing all the

gei'm-cell determinant or of making it less obvious after

staining. The natural inference from this is that while the

germ-cell determinant may possibly contain some free lecithin,

its main bulk consists of some organic substance other than

lecithin or fat.

Fixation of the oocytes in Carnoy or absolute alcohol

and staining for glycogen by the iodine method and by

Best's carmine did not succeed in tinging the region of the

determinant in any way suggesting that it contained glycogen,

while the fact that the determinant is well preserved by

fixatives known to dissolve away glycogen leaves us with

the conclusion that the determinant consists of something

other than glycogen.

Methods suchasthatof Kopsch and Cajal for the Golgi
apparatus failed to reveal this latter either in egg or in

germ-cell determinant. That this shows that the oocyte of

Apanteles does not contain a Golgi apparatus is a conclusion

which I am unwilling to draw, but from other tests, such as

that of Carnoy's fluid (known to dissolve the Golgi apparatus

of other eggs), I feel justified in concluding that the Golgi

apparatus does not form a part of the germ-cell determinant

(see also pp. 140 and 149).

Especially after fixation of the ovary in alcohol and acetic

fixatives, the germ- cell determinant stains basophil, but this

alone does not show that it contains chromatin. We have no

evidence that the germ-cell determinant is even partly formed

of chromatin, while we cannot observe any occurrences in

the history of the formation of the determinant Avhich lead us

to associate its inception and growth with either head nucleus

or secondary nuclei. It should be mentioned that it is not

possible to obtain completely satisfactory evidence that the

germ-cell determinant does not contain chromatin, but I feel

sure that chromatin in bulk masses does not take part in

forming the determinant. Granulose emissions of chromatin
miglit pass into the determinant from the nticleus without the
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fact being observable. Since, however, the determinant does

not stain quite like chromatin one can only believe that the

evidence is against the assumption that this protoplasmic

aggregation is formed partly or wholly of chromatinic

substance.

8. Discussion.

(a) Germ-cell Determinant.

In this paper it has been shown that the germ-cell deter-

minant in Apanteles glomeratus is probably formed of

albuminous material as opposed to chromatin, or storage sub-

stances such as fat, yolk, or glycogen. The exact significance of

this is difficult to determine, but it seems probable that germ-

cell determinant is a form of metaplasm, and that its purpose

is that of providing nutriment in a special form, enabling the

geimi-cells to remain independent of the other cells, such as

those of the germ-layers, while the latter are undergoing their

oro-anogeny changes. Histo-chemically the germ-cell deter-

minant consists of proteid, which, Avhen coagulated by alcohol,

acetic acid, corrosive sublimate, etc., becomes insoluble in

either water, alcohol, or xylol and chloroform.

No direct connection can be shown to exist between the

germ-cell determinant and the chromatin of the oocyte nucleus

or the follicular nuclei. It must be admitted, however, that

this does not show positively that the germ-cell determinant

contains no chromatin. The germ-cell determinant, while being

basophil, never stains in quite the same sharp way as the

chromatin of the nucleus when one uses dyes like methyl green

or safranin ; for this reason alone one is justified in considei*-

iuo- that the germ-cell determinant is at least not formed of

micleo-proteid of the same constitution as that found in the

nucleus.

(b) The Secondary Nuclei.

The secondary or accessory nuclei of the insects are

very remai-kable structures, and there is no doubt that they

throw a great deal of light on the general structure of a



CYTOPLASMIC IXCLUSTONS OF THE GERM-CELLS. 147

nucleus. Among the several interesting facts which have

been ascertained with regard to these accessory nuclei, none

is more remarkable than that which shows them to be of

nuclear origin and to contain chromatin. The small granules

found in the cytoplasm which give rise to the accessory nuclei

stain exactly like chromatin, and personally I have no doubt

that such granules are chromatin. These granules lie naked in

the cytoplasm, but later form around themselves a nuclear

membrane and a linin network. The enchylema or nuclear

sap just after formation is quite hyaline, and the linin appears

later. Buchner has pointed out that the study of the acces-

sory nuclei shows that the presence of chromosomes is not a

sine qua non for the building up of a nucleus. This state-

ment, however, is not quite true, nor is it a new suggestion.

What is a chromosome ? It is merely a mass of chromatin,

which appears in the nucleus during karyokinesis, and I believe

that it is not possible to discriminate between a large piece

of extruded chromatin (Text-fig. 9) and a chromosome in the

sense meant by Buchner, We also were aware previous

to Buchner's work that single chromosomes could form

nuclei (2, 6).

By far the most important result of work on the accessory

nuclei is the fact that chromatin, apparently in large quan-

tities, can be produced in and budded off from a germinal vesicle

without affecting the subsequent results of development. We
have distinctly satisfactory evidence that the chromatin

forming the accessory nuclei passes out of the germinal

vesicle, but none that any passes back, Avhile there is good

evidence that the accessory nuclei degenerate eventually.

The egg nucleus in many insects, of which Apanteles is an

example, becomes partly decentralised; this is to say, the

nucleus, instead of influencing various processes of oogenesis

from afar, sends pieces of itself into the furthermost regions

of the egg, which carry on part of the vegetative functions

at least of the chromatin in the ordinary nucleus. The head
nucleus is able to produce chromatin for this purpose, without

endangering the complete exercise of its proper functions in
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later stages of tlie germ-cell cycle. The chromatin so pro-

duced must appareutly be part of the chromosomes of the

egg nucleus, so that one seems led to believe that the chromo-

somes are able to part with some of their substance without

detriment. This phenomenon, as also the appearance of giant

germ-nurse cells in Testacella (5), is in some way connected

with the growth faculty of the substance " chromatin.^' In

the case of Apanteles and of Testacella, the new chromatin so

produced might by some be looked upon as trophochromatin,

or specialised for purely trophic or vegetative functions.

In certain cases, such as that of Apanteles, the secondary

nucleus exactly resembles the head nucleus except for size.

This applies also in such an example as Rhyssa, in Text-fig.

7. In other cases, however, the secondary nuclei may not

resemble the head nucleus, and may be much larger than the

latter, as in Text-fig. 6, of Camponotns. This difference in

appearance seems due to the diffei-ence in the arrangement

and denseness of the linin netwoi-k in the accessory nuclei ; in

the latter the karyolymph is more dense, or the linin is more

closely woven.

It seems indicated that the secondary nuclei are formed

from true chromatin of the head nucleus, and that their

function is connected with the growth of yolk or other

materials in the egg-cytoplasm. All staining tests appear to

show that such chromatin extruded from the nucleus is exactly

similar in its histo-cheinistry to the chromosomes. It should

be mentioned that Dendy (3a) especially shows that in several

sponges solid lumps of chromatin are extruded from the

nucleus of the egg during oogenesis, this also without

affecting subsequent development of the organism.^

I mention these facts, not as a disbeliever in the useful

" chromo.some hypothesis," but because I consider that chro-

mosome theorists might be interested enough to comment on

such peculiar occurrences, which seem fairly wide-spread, and

which must be explained by workers on chromosomes.

' I have seeu these preparations recently.
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(c) The Protoplasmic and Deutoplasmic Inclusions

of Insect Germ -Cells.

In the Lepidoptera it has been shown that the male

germ-cells contain both mitochoudria and Golgi apparatus (6)

;

I consider that the sickle- shaped bodies drawn by me in the

figures of the sperm-cells of moths are homologues of the

Oolgi apparatus or "apparato interno reticolare " of the

mammalian nerve or germ-cell. In my work on moths I

failed to demonstrate such sickle-shaped bodies in the oocyte;

likewise in this present paper all my efforts to show such

bodies in the oogenesis of Apanteles have failed.^ It is there-

fore interesting that a Polish worker, Nusbaum-Hilarowicz,

should have succeeded in demonstrating a Golgi appai-atus in

the young oocytes of another insect—the large Avater-beetle,

Dytiscus. This has been done by using a special new modi-

fication of Kopsch's method. In examining male germ-cells

of Apanteles I have found the Golgi apparatus, and I believe

that some special modification of Kopsch's method should also

show the apparatus in the egg, as has been done by me in

Limnaea and other molluscs. This matter, however, does not

affect the issues discussed in this present paper.

In Apanteles the oocyte contains no fat-droplets such as

have been shoAvn to occur in the egg of Dytiscus, but in both

insects yolk-spheres are present and appear in the same region

of the egg cytoplasm. Nusbaum-Hilarowicz shows that yolk-

spherules and fat-droplets differ in their histo-chemical reac-

tions, as has already been pointed out elsewhere (7).

9. Conclusions.

Composition.

(1) The germ-cell determinant of Apanteles glomeratus
is formed almost wholly of a basophil albuminous proteid some-

what like that of the ground protoplasm of the egg-cell, only

much more dense and definitely basophil.

' I have made preparations of Stenobothrus ovaiy showing Golgi

elements, by Cajal's method and by Mann-Hopsch. Apanteles is small

and difficult to manipulate by Golgi techniques.

VOL. 64, PART 2. NEW SERIES. 10
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(2) This substance forming the germ-cell determinant of

Apanteles is partly gathered into the form of fine granules.

Fat solvents and lipin solvents tend to destroy the granular

formation, but accentuate and make more chromophil the

ground substance of the germ-cell determinant. After fat

solvents the latter becomes stringy.

(3) Solvents which disintegrate the yolk-sphei'es (fat and

lecithin) do not remove the germ-cell determinant from the egg.

(4) Tests for fat do not reveal the presence of this substance

in the germ-cell determinant.

(5) Fixations which remove the mitochondria from the egg

do not remove the germ-cell determinant, while after chrome-

osmium fixation, staining methods which do not reveal the

mitochondria stain the region of the germ-cell determinant in

a basophil manner.

(6) Glycogen methods did not reveal any substance in the

determinant which could be identified as glycogen.

(7) The test made for demonstrating the Golgi apparatus

(Kopsch's method and that of Cajal) did not bring into

evidence any structure whicli might have been identified as

such.

Origin.

(8) The germ-cell determinant originates as a concentrated

area at the posterior pole of the young oocyte. At first it is

merely a region of the egg cytoplasm denser than the sur-

rounding, but later it becomes more clearl}^ marked ofF. No
evidence was found supporting the suggestion that the germ-

cell determinant contains chromatin. At the time of origin of

the determinant the oocyte nucleus lies at the opposite end of

the egg. The secondary or accessory nuclei have no connec-

tion with the germ-cell determinant.
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EXPLANATION OF PLATE 9,

Illustrating Mr. J. Bronte Gatenby's paper " On the Germ-

Cell Determinant of Pai'asitic Hymenoptera.^'

Lettering.

AE. Archoplasm with mitochondria (?). CS. Space in oocyte free

from mitochondria. F. Follicle. FW. Follicle wall. FOM. Outer

follicle membrane. GCD. Germ-cell determinant. M. Mitochondria.

3IN. Nurse-cell mitochondria. N. Nucleus. NCN. Nurse-cell nucleus.

K.NCN. Nucleolus of nurse-cell nucleus. OVW. Ovariole wall.

PE.OCYTE. Protoplasm of oocyte. SN. Secondary nuclei. VA.

Tacuoles (?). X. Bodies of uncertain nature, possibly fat. YD. Tolk-

<3iscs or gi-anules.

In the middle of the plate scales for the figures are given.

Fixation indicated by the letters : F.W.A. Flemming-without-acetic

acid. CR. Champy. B. Bouins picro-formol acetic. P.K. Picro-

nitric. K. Kopsch.

[All figm-es drawn from material stained in iron-hsematoxylin, with

the exception of fig. 13. Camera lucida, paper at table level, y", semi-

apochromatic Koritska oil-immersion and compensating eyepieces.]

PLATE 9.

(All figures of Apanteles glomeratus.)

Fig. 1.—Transverse section of ujjper part of ovariole in region where

the cells ai-e as yet undifferentiated into oocytes and mirse- and follicle-

cells. Each cell has a completely differentiated mitochondrial apparatus

(M.). The ovariole wall is at Onr. ^ dilute i^.ir.^.

Fig. 2.—Section of ovariole further down cut longitudinally in

region of differentiation of nurse- and foUicle cells. The inner cell

(PR.OCYTE) will be the egg; the other cells will form either follicle-

or nurse-cells. In the oiicyte the mitochondria have become grouped

around an archoplasm. :} dilute F.W.A.

Fig. 3.—Somewhat older oocyte showing same cytojilasmic contents,

and in addition three or four bodies (X\ X^) of doubtful nature, possibly

oil or fat. Ch.
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Fig. 4.—Older oocyte after formation of follicle (F.), -wliicli lias not

all been drawn (see fig. 5). The mitocliondi-ia in the oocyte are

granular, and have increased enormously. They are spreading out-

wards from the nucleus, which at present they embrace. Ch.

Fig. 5.—Somewhat later oocyte ; mitochondria becoming fine and

stringy, or flocculent. Those of follicle (jP.) are still granular. Ch.

Fig. 6.—Much later stage. Mitochondria now spreading throughout

the cytoplasm, but a clear space still exists at CS. This stage is just

before deutoplasmogenesis sets in. Follicle mitochondria granular. Ch.

Figs. 7, 8 and 9.—Three stages in the fonnation of nurse-cell. In-

fig. 2, NCN., the nurse-cell mitochondria are few and coarse. In figs.

7, 8 and 9 (smaller scale) they have become very fine, and although they

are spi-ead through the cytoplasm, by far the bulk surrounds the nuclear

membrane as a dense halo. They never leave this position. F.W.A.

Fig. 10.—Transverse section of oocyte just after beginning of deuto-

plasmogenesis. The yolk (YD.) forms a wall around the peripheiy of

the egg. The flocculent mitochondria have spread throughout the egg.

At SN. are the secondary nuclei wliich have mysteriously appeared.

Drawn to low scale. F.W.A.

Fig. 11.—The edge of such an egg as that in fig. 10, drawn to much
larger scale, showing peripheral yolk (TD.), mitochondria throughout

as discrete or grouped fibrous units (M.). At SN. are the secondary

nuclei. F.W.A.

Fig. 12.—Posterior pole of egg at same stage as that of two jirevious

figures ; longitudinal section, showing germ-cell detenninant (GCD.) as

a dark granular mass lying in the centre of the posterior pole of the

egg. At the edge of the egg are the yolk-discs (Y.D.), the secondary

nuclei (SN.), and throughout are the mitochondria. F.W.A.

Fig. 1.3.—Posterior end of egg at a little later stage after Kopsch's

treatment (OSO4 for fourteen days), showing the complete extension of

the darkened zone, not only on the germ-cell determinant (GCD.), but

on each side. With the F.W.A. method this additional zone of activity

is not seen (compare fig. 12). K.

Fig. 14.—End of egg at same stage as that of fig. 12, treated for

thi-ee houi-s in picro-nitric. Yolk and mitochondria completely dissolved

away ; only secondary nuclei (SN.) and germ-cell determinant show.

The latter is more diffuse than with the treatment used for fig. 12.

P.N.

Fig. 15.—Same region of egg, treated overnight in dilute Bouin

(picro-formol-acetic). Yolk shrunken (YD.), but determinant still

granular. Mitochondria present. B.
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The development of Crossaster papposus, though less

important than that of starfish having feeding larva?, never-

theless presents features of great interest, especially in

regard to the origin of the primary larval ccelomic cavities^

the madreporic vesicle, the extra rays, the skeleton, and the

general modifications due to yolkiness of the egg- Cross-
aster papposus much resembles Solaster endeca in
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development, and accordingly I may be allowed to refer to a

former paper on the latter (7) for details and illustrations

which do not call for repetition (see, e.g., p. 3 and p. 34).

The Crossasters and Bolasters are members of the Solasteridse, a

family of Cryptozonia in the classification of Sladen (23), and of

Spinnlosae in tliat of Perrier (22). In this family the abactinal

skeleton is more or less regularly reticulate, many of the plates bearing

paxilliform groups of spines ; single interbrachial septa are present

;

there are no pedicellarise and no supradermal membranes ; actinal

intermediate plates occur, more or less developed ; the adambulacral

armature is j^ectiuate, a transverse series being present in all, and also-

a longitudinal in some.

The two common British species Crossaster papposus and

Solaster endeca show the following differences: In the former the

abactinal recticulum is somewhat widely meshed, and the groups of

paxillai are spread well apart, each having relatively few but large

spines ; the papules are numerous ; the number of rays is ± 12 (18)

;

the colour of the abactinal surface is a brighter or darker red, often

shading into orange or yellow, especially on the rays. In Solaster
endeca, on the other hand, the abactinal reticulum is somewhat

narrow and irregular, the nodal plates being often stellate in shape

;

the paxillse are small and closely crowded ; the papules are few, the

number of rays is ±: 9 (18) ; the colour of the abactinal surface is a rich

purple.

Among the resemblances between Crossaster papposus and

Solaster endeca which are of systematic or structural importance

and have not been indicated above we may note the following : The
adambulacral armature is in two series, one at right angles to the

other ; no actinal intermediate plates occur along the rays, and there is

one series of well-developed marginal paxilhe (23, p. 442). The
madreporite is single and may carry spines ; the tube-feet are

biserially arranged ; a Polian vesicle and two Tiedemann's bodies

are present in all the interradii except in the madreporic iuterradius

where one of the latter is wanting; the anus is in interradius V/VI,'

no matter what may be the number of rays ; the rectal ca^ca are

well developed and of similar form ; the cilia everwhere exhibit similar

activities.

' The madreporite is reckoned as lying in interradius I/II, ray I being

on its sinistral side. Throughout this paper " dextral " and " sinistral

"

indicate i*espectively the sides towards which, or away from which, the

hands of a watch would appear to move on a starfish disc as viewed

aborally.



DEVKLOPMENT OF THE STARFISH CROSSASTER PAPPOSUS. 157

Crossaster and Solas ter have evidently long been separated from

one another since both are widely distributed. Solaster, however, has the

greater range, both geograj^hically and bathymetrically, and as it has

fewer rays and includes a somewhat greater number of species, we may

conclude that it is probal;)ly the more primitive of the two genera. The

earliest known Solaster is a thirty -rayed form (S. moretonis, Forbes)

occurring in the oolite (5).

The tive-rayed C ri brella, though it is placed in another Cryptozonate

family, the Echinasteridse (23), agrees with Solaster in its chief

characters excepting the number of rays. In development Cribella

(Masterman, 19, 1902) and Solaster (Gemmill, 7, 1912) show close

parallelism excepting as regards the madreporic vesicle (p. 168).

Early Development up to Gtastrulation.

The gonads are bunches of short, nnbranched, lobulated or

very simply branched tubes, reddish or orange in colour,

paler in the males, confined to the disc, and not extending

out into the arms.

(For details regarding genital ducts, growth of ova, and

relations to hasmal and periha3mal systems see 6, pp. 184-5,

and 7, pp. 4-9.)

The season of ripeness in the Firth of Clyde lasts from

about the beginning of March to the end of the first week in

April. Each starfi.sh may spawn several times during this

period, at intervals of two to ten days. The presence of

other spawning individuals acts as a stimulant, and " epi-

demics " of spawning occur in tanks containing numerous

starfish. A full-sized female may shed more than two

thousand ova at a time, and probably more than six thousand

altogether. The brooding habit is absent. There is no

invariable spawning position. Commonly, however, spawning

starfish will be found bunched up under water and adherent

only by the outer portions of their rays, or else right at the

surface witli half of the disc and arms detached and extended

outwards. Occasionally they may be ob-served spawning in

the ordinary extended position, motionless under the water.

The ova, whicli are a little smallerthan thoseof S. endeca,

measure about '8 mm. in diameter, being: rather wider in



158 JAMES F. GEMMILL.

equatorial tlian in vertical measurement. They floaty the

lower pole being rather lighter in weight and paler in colour

than the upper one. There is more variety of colour than

in the case of S. endeca, the general tint in ova from

different starfish varying from reddish-orange to terra-cotta

or clay. The polar bodies emerge from the middle of the

upper pole. Maturation is in progress as the eggs are

being shed and fertilisation is followed by formation of a

membrane of fertilisation.

Segmentation is total and equal, the first two cleavages

being vertical and at right angles to one another, while the

third is equatorial. Continued cleavage produces a prac-

tically solid mass of small cells of which more than a hundred

can be counted in a single section. Blastula formation takes

place by egression (see Masterman, 19, p. 380) of the more

centrally placed cells along lines which show up as grooves

on the surface. During this pi*ocess the cell walls disappear

in great part, except just at the surface, so that the interior

is almost a syncytium. The egression grooves are at first

numerous, and their arrangement recalls that of the surface

furrows in the later segmentation stages. Gradually the

grooves become fewer and simpler until resemblance to a

sixteen-celled, an eight-celled, a four-celled, or even a two-

celled stage is reached. The solid morula is now converted

into a hollow single-layered blastula. Its wall increases

in thickness as the folds smooth out, only losing the last

of these as gastrulation pi'oceeds.

Gastrulation begins in the middle of the under-surface, to

all appearance by deepening of an egression groove in this

region, or of two such grooves crossing one another. The

gastrula opening is therefore at first usually elongated, but

sometimes cruciform, or tri-radiate. As the involution

deepetis, all other superficial markings are smoothed out, and

the gastrula opening becomes circular. The transition between

the paler cells of the under-pole of the egg and the more

highly-coloured cells of the upper pole is to be found a short

distance out from the lip of the blastopore all round. The
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gastrula is now somewhat flattened on the under side, its

vertical being a little less than its equatorial diameter.

Cilia appear on the surface during blastula formation while

the eo-o- is still enclosed within the membrane of fertilisation.

This membrane becomes lost about the time when gastrulation

begins. The young gastrulae swarm slowly about, at first

somewhat irregularly, but afterwards rotating on their vertical

axes with slight epicyclic progression in a direction corre-

sponding with the rotation. The rotation maybe dextral or

sinistral as viewed from above, and not infrequently reverses

itself. In section the gastrula is found to be two-layered,

each layer being made up of elongated columnar cells with

cilia on their free surfaces. Duriug blastula formation, yolk-

granules are often extruded from the surface, and a quantity

of these may be swept into the archenteron, which, however,

at this stage is otherwise empty as a rule, the formation of

"hypenchyme'' being either absent altogether or very much

less well-marked than has been described by Masterman in

the case of Cribrella (19).

External Chaxges ur to and After Fixation.

Early Larva up to Fixation.—The gastrula elongates

to about twice its former vertical measurement, the middle of

the upper surface becoming the auterior extremity of the

larva. A depression forms on what will be the ventral side

of the larva near the junction of its second and third fifths.

Rudiments of the three brachia then grow out, one in front

of and the other tAvo to right and left of, and slightly behind,

the middle of tliis depression, where the rudiment of the

sucker now appears. The portion of the larva which carries

the brachia and the sucker may be called the prasoial lobe.

The posterior portion or body of the larva has meantime

become flattened out in the sagittal plane, and the blastopore

has gradually become smaller. As a rule it still retains its

original position in the centre of the posterior end of the

larva, although in a good many cases it becomes pressed
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slightly ventrally and to the right owing to prominence of its

left dorsal margin. Otherwise the larvae exhibit till now
perfect bilateral symmetry.

A shallow ectodermal depression, at the bottom of which

the hydroporic opening forms, appears on the right side of

the body of the larva anteriorly some distance from the

dorsal edge. The next important features to be noted are

closure of the blastoporic opening, increase in length of the

brachia, greater prominence of the sucker, sharper division

of the larva into prasoral lobe and body, the last-named portion

becoming more disc-like through flattening from side to side.

As regards movements, at fii'st the larvas, being still rather

lighter than water, remain in a vertical or slanting position

with the anterior end uppermost, rotating clockwise as viewed

from the anterior end, and progressing slowly with this end in

advance. Reversals of the direction of rotation and pro-

gression may occur for short periods. Later, the larvae (PI. 10^

figs. 1-4), becoming relatively heavier, rise or sink in the

water, according to the activity of their ciliary action. The
brachia now show movements of shortening and lengthening,

closing together, and divarication. Their ends are glandular

and slightly adhesive, enabling the larva to attach itself

loosely to smooth surfaces.

Fixation by the sucker occurs about the nineteenth day.

The larvee take first hold by the tips of the brachia, which

then become widely separated and shortened by muscular

action, while at the same time the sucker is pushed out. The
sucker adheres at first by muscular action, but afterwards by

throwing out a thin layer of cement. A very important

external change is occurring, namely, flexion and torsion

of the praeoral lobe on the body or disc, with the left side

of which this lobe becomes gradually incorporated (PI. 10,

figs. 5-7). The flexion is a leftward one, and when com-

pleted may be counted as being through two right angles,,

since it ultimately flattens out the anterior end of the larva

on the left side of the disc. The torsion takes place dextrally

as viewed from the anterior end of the larva, through an
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angle of 75° or thereby. The hj-drocoele lobes appear

externally as swellings very shortly after fixation has been

effected (PI. 10, fig. 6). Lobes III and IV usually show np

first, then II and V, then VI, and lastly I. Tliis is slightly

different from the sequence in which the radial pouches first

make their appearance internally on the wall of the hydroccele

(see p. 163).

The flexion and torsion of the pra3oral lobe produce a

marked notch on the margin of the disc in the junctional

re'gion on its (larval) dorsal side. This is the so-called aboral

brachiolarian notch. It afterwards becomes gradually filled

out, forming interradius l/II—the madreporic intei'-radius.

Shallow indentations also appear on the margin of the

disc, indicating succeeding interradii, namely, II/III to

V/VI. There is still a segment of the disc between V/VI
and I/II, amounting to rather less than a third of a circle,

which has as yet no notches, but in which the remaining arm-

rudiments will afterwards form.

Hydroccele lobe VII next appears beyond VI, on the

sinistral^ side of the latter, and much further back in differen-

tiation. The next lobe to become evident is XII, which

arises close to I, and on its dextraP side. Lobe VIII now
makes its appearance sinistral to VII, and shortly thereafter

XI dextral to XII. Lobe IX (sinistral to VIII) is the next to

show up, and X the last in the small interspace still inter-

vening between IX and XL Meantime the general mass of

the praeoral lobe, as well as the brachia, and finally, the sucker,

have been disappearing, and the last remains of the sucker

are to be found opposite lobe X or in interradius IX/X, just

outside the completed hydroccele ring (PI. 10, figs. 8-9),

At the time of their first appearance the hydroccele lobes

are blunt swellings ; then they become trilobate through

dilfei-entiation of the proximal pair of sucker feet and of the

terminal tentacle. Succeeding pairs of sucker feet appear

between the terminal tentacle and the latest formed pair.

About the twenty-eighth day the proximal pairs of sucker foer-

^ See footnote on p. 156.
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on the first six hydrocoele lobes begin to be functional. The
young starfish may now shift position while still remaining

anchored by the sucker, the stalk of which can stretch out a

length of over 1 mm. Similar movements occur at a corre-

sponding stage in the case of A. rubens, but whereas in the

latter stai-fish the sucker ultimately separates off and is left

behind, in Solaster this structure, after becoming smaller,

loosens its hold, and is absorbed. The loosening usually

takes place before lobes IX, X and XI have become clearly

marked out. In the course of further growth the formation

of interradial notches between the later-formed rays is

gradually effected. Xotches YI/YII and VII/VIII appear

first, then XlI/1, the remaining notches, viz. VIII IX, XI/X
and IX/X being the last to appear. By this time notch I/II,

i.e. the brachiolai'ian notch, has filled out so that it is no

deeper than the rest- It will be remembered that arm-

rudiment I is formed from the (larval) ventral Up of the

notch in question.

Slight prominences containing developing spines begin to

appear about the twenty-second day all over the aboral

surface, including the interradial notches aud the sides of the

aboral arm-rudiments (see under '^ Skeleton," p. 178). The

spines develop latest on the part of the disc where the

last formed arm rudiments are gradually becomiug marked

out (PI. 10, fig. 8).

The mouth appears about the thirty-eighth day, character-

istically in the form of a tri-radiate fissure, the angles of

which point more or less directly towards interradii XII/I,

III IV, and YII/VIII (PI. 10, fig. 9). The anus appears much

later—about the end of the seventh week.

Development of Cavities and Organs.

At first the archenteron follows the shape of the elongating

larva, but about the seventh day begins to show constrictions

marking off (a) anterior, (b) middle and (a) posterior regions,

without there being any indication of such a division on the
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external surface of the larva (Text-figs. 1-4). These regions

are respectively (a) the anterior larval coelomic cavity,

(b) the enteron, and (c) the posterior larval coelomic cavity.

Text-fig. 1.

Text-fig. 2.

Text-figs. 1-2.—See explanation on p. 165.

and it will be now convenient to follow out the development
of each, noting meantime that mesenchyme arises abundantly
at this stage by budding from the walls of the anterior and
posterior cavities, but chiefly of the latter.
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Anterior Larval Coelomic Cavity.—This cavity ex-

tends (1) into the pr^eoral lobe and the brachia and (2)

backwards to right and left of the entei'on, forming right and

left lateral diverticula, and it also sends from its postero-

dorsal portion a pocket to the right, which becomes the

hydroporic canal, the inner end of the latter being, to begin

with, approximately in the middle line. The outer end of

this canal meets and fuses with the bottom of a slight pit on

the right side of the larva dorsally, giving rise to the hydro-

poric opening. The following derivatives of the anterior

larval coelomic cavity now fall to be described : cavity of

prteoral lobe, hydrocoele, epigastric coelom, axial sinus, axial

organ, stone-canal, and internal oral circular sinus.

Cavity of PrfBoral Lobe.—The cavity of the preeoral

lobe gets obliterated as the lobe itself is reduced. The

attaching stalk has become solid by the time the ring-canal of

the hydrocoele is completed, and accordingly we cannot say

that the hydrocoele ever encircles the stalk-cavity. However,

the central portion of the anterior coelom from which the

stalk-cavity came off is still relatively large at the stage Ave

are considering, and lies within the circle of the completed

hydroccBle ring.

Hydrocoele.—The hydrocoele pouches appear as out-

pocketings of the left lateral diverticulum of the anterior

coelom. Pouches I-V are formed at much the same time, I

being, .
perhaps, a little delayed; VI comes immediately

thereafter sinisti-aP to Y ; then, more slowly, YII sinistral

to VI; then XII dextraU to I; then VIII sinistral to VII;

then XI dextral to XII ; then IX sinistral to VIII ; and

finally X in the interspace remaining between XI and IX.

It will be remembered from p. 161 that the external swelling

for pouch I was relatively somewhat later in appearing,

probably owing to the imprisonment of this swelling in

the corner to which the pra}oral structures are being

retracted. The hydrocoele ring-canal gets nipped off from

the bottom of the left lateral diverticulum earliest in the

' See footnote on p. 156.
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Text-fig. 3.

Text-fig. 4.

Text-figs. 1-4.—Optical sections of Crossaster lai-vse (7-8 days),

to illustrate subdivision of archenteron into gut and primary
larval ccelomic cavities. The smaller size of the left wall of the

enteric isthmus will be noted all through, and at stage shown in

Text-fig. t a greater backward extension of the epigastric coelom
than of the hydrocfjele. hi. Blastopore, hr. Cavity][of an out-

growing lateral brachium. ep. c. Epigastric ccelom. y. En-
teron. hy. Hydrocoele. p. c. Posterior ccelom. ^^r. c. Frx-
oi-al coelom.

VOL. 64, PART 2. NEW SERIES. 11
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region of pouches II-IY. This canal is at first crescent-

shaped and open at either end, but shortly after fixation, by

extension of the nipping-off process, its dorsal and ventral

horns end blindly. The blind ends have now to push their

way round from either side so as to meet, and by uniting

complete the hydrocoele ring. The completion takes place in

interradius IX/X, rather nearer X than IX. Pouches VI to

IX have arisen from the ventral horn of the hydrocoele

crescent and pouches XII-X from the dorsal horn. At first

the hydrocoele crescent is a segment of a relatively small

circle. Later, the area enclosed becomes much larger

through incorporation of prteoral lobe epiderm with the body

in this region. This increase in size provides room for the

formation of the mouth. The sucker and the brachia dis-

appear by histol3'tic absorption.

Epigastric Coelom.—The right lateral diverticulum of

the anterior larval coelomic cavity becomes cut off by con-

striction from the prteoral ccelom, and since it gives rise to

the adult epigastric coelom is to be looked on as equivalent to

a right posterior coelom (Asterina (13), Asterias rubens

(7), Porania (9), and cf. p. 180). The constriction is a

result of (1) the flexion and torsion of pr^eoral lobe already

described, and (2) the growth of the dorsal and ventral horns

of the posterior coelom (p. 174). The intestine and rectum

grow up (sixth week) as an aboral-ward pouch between the

layers of the mesentery separating the epigastric from the

hypogastric coeloms in interradius Y/YI near the middle

of the aboral surface. This mesentery aftei-wards becomes

broken up to form the aboral ligaments of the stomach. A
bilobed pouch from the epigastric coelom extends outwai;ds in

oach ray above the developing radial creca (p. 177), its walls

forming the aboral or suspensory ligaments of these Cfeca.

Axial Sinus.—Tlie axial sinus is the remains of the

central portion of tlie anterior coelomic cavity after (1) the

prteoral lobe portion disappears, (2) the hydrocoele ring-canal

is nipped off from the left lateral diverticulum, and (3) the

internal oral periha^mal ring is (see below) reduced to its
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proper size. The liydroporic canal now opens internally to

the right or aboral side of the former larval sagittal plane.

Stone-canal.—As in Solaster endeca, the stone-canal

appears to be formed partly as an outgTOwth from the hydro-

coele groove in interradius I/II and partly as a furrow in the

wall of the axial sinus. Furrow and outgrowth establish

continuity with one another and the furrow becomes roofed

in except at its aboral extremity near the internal opening of

the hj^droporic canal, where it opens into the axial sinus. For

an account of the later developinent and adult structure of

the pore-canal system and madreporite see (8).

Axial Organ.—The axial organ begins during early

metamorphosis as a cell thickening, soon rising into a fold, of

the wall of the axial sinus, commencing below the madreporic

vesicle and continued orally into a somewhat prominent

crescent of spongy tissue in the still spacious (see below)

portion of the internal oral perih^mal ring opposite the stalk.

(This crescent, afterwards becoming smaller and extending

round the moutli, forms the oral hgemal ring.) The fold of

the axial organ contains (1) spongy channels continuous with

those which are being invaginated from below into the madre-

poric vesicle (p. 16S); (2) cells derived from the lining of the

axial sinus; (3) cells derived from the floor of the madreporic

vesicle and its oral-ward pocket, some connected with fibres

running chiefly in the longitudinal axis of the fold. A little

later than (1) and (2) the dorsal horn of the posterior ccelom

provides a well-marked ingrowth (of primitive germ-cells

—

MacBride, Aster ina, Amp h i ura, etc.) just below the madre-

poric vesicle.

Internal Oral Periha}jnal Ring.—This ring (internal

oral circular sinus) is a derivative of the central portion of

the anterior larval ccelomic cavity and of that portion of the

left lateral diverticulum which "remains after the hydroccele

canal is nipped off. In the formation of the mouth, epiblast

and hypoblast become continuous across these remainders,

which are not, however, entirely obliterated. What is left of

them lies around the moutli and forms the internal oral sinus,
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being spacious at first in the region of tlie stalk, but for a

time obliterated just opposite to that region, so that we can

describe the sinus in question as being in a sense completed

by outgrowth from the axial sinus. In the adult, as in the

larva, it communicates with the axial sinus.

Dorsal Sac or Madreporic A^esicle (see also p. 181).

—Contrary'' to all expectation the madreporic vesicle has

been found to arise from epiblast (Text-figs. 5-6), sometimes

as a solid ingrowth of cells, afterwards becoming separated

off and acquiring a lumen, and sometimes by the formation of

a pit, the bottom of which gradually becomes consti'icted

off from its parent surface (Text-figs. 7-8). Its place of

origin is immediately ventral to the hydroporic opening, and

close to the junction of the epiblast with the enterocoelic wall

of the hydroporic canal. Normally it begins to form just

after the hydroporic opening has been established, but it&

rudiment is sometimes recognisable prior to this event. At
first the vesicle wall is made up of columnar or cubical cells.

These afterwards become flattened. Towards the end of

metamorphosis the madreporic vesicle is found to have sent

down a rather long, narroAv oral-ward pocket into the upper

end of the axial oi-gan. Beneath the vesicle on the side

looking towards the pore-canal a vacuolated space appears

(thirteen to sixteen days) in the mesenchyme. Prior to

metamorphosis this space can be recognised as extending

(Text-fig. 10) at one part into the tissue of the future aboral

body-wall, and at another over the aboral wall of the stomach,

while a later extension can be noted down the wall of the

axial sinus in the line of the developing axial organ. The

main space is spongy, being traversed by fibrilla?, and the

spongy tissue is invaginated at metamorphosis into the madre-

poric vesicle, forming the so-called head-process of the axial

organ, which appears to be homologous with the " heart " of

Balanoglossus. Tissue opacity precludes observations on the

question of pulsation in the larva, but a dissected-out.

" heart " in the adult shows faint sub-rhythmic contractions

(8, p. 272). In Inter growth the invngination of the " heart'*"
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Text-fig. 5.

Text-fig. 6.

hyd.
OS. ac.

"O J

/

Text-figs. 5-6.—Sections across hydroporic region of C r os sa s t e r
lai-vae, 12 days old, drawn as viewed from posterior end of
larvae. The layers and nuclei were mapped ont with the
cainera lucida. At this stac^e the dorsal sac is a thickening or
an involution of epibhist immediately ventral to the junction
of the latter with the wall of the hydroporic canal, ac. An-
terior cffilom. (Is. Dorsal sac. </. Enteron. hyd. Hydroporic
canal, pc. Posterior coelom.



Text-fig. 7.
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The dorsal sac is becoming constricted off from the epiblast and
has a minute lumen. (See under Text-figs. 5-6, p. 169.)

Text-fig. 8.
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The sac is increasing in size (13-14 days) and is almost completely
separated off from the epil)last, the surface of which, as in

Text-fig. 7, still shows a slight dimple marking where the
involution of the sac first took place. (See under Text-figs.

5-6, p. 169.)
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ac.

The sac is now (15 days) completely separated off from the epi-

blast. but is still relatively thick-walled. (See under Text-figs.

5-6, p. 169.)

Text-fig. 10 (semi-diagrammatic).

hvd. h.

g.h

The sac has now migrated deeper (16-17 days), is tliinner-walled,

and shows beside it a spongy space, the future '•heart"

(h), channels from which are seen extending on the future

aboral aspect of the gut -wall. (See under Text-figs. 5-6, p. 169.)
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into the madreporic vesicle can be recognised as being along

a line, at the two extremities of which are the communications

of the "heart" respectively (1) with the body of the axial

organ, and (2) ^^'itll the aboral body-wall spaces, the former

being on the deep side axially and the latter on the super-

ficial side. The two extremities retain their proper connec-

tions, but the portion between them loses its attaching

mesentery (" mesocardium'") within the madreporic vesicle,

as occurs in the case of a developing vertebrate heart-tube

within the pericardial cavity.

The relations of the central portions of the haemal system

are illustrated in Text-figs. 11-12, and reference maybe made

for further details and for a comparison Avith the haemal

system of Balanoglossus to 8, pp. 271 and 278, and to

'Quart. Journ. Micr. Sci.,^ 1919, p. 537. Eeasons are there

given for instituting a homology between the axial organ in

Echinoderms and the left collar vessel and the left part of

the glomerulus in Balanoglossus. The vessel in question is a

rete mirabile (Spengel, 25, p. 753), which lies within a fold

of the left collar coelomic wall.

Madreporite.—The relations of pore-canals, axial sinus,

etc., in the adult madreporites of Asterias rubens (8) and

Sol aster endeea (6) have already been described by the

author. In the last-named star-fish the ampulla of the

''stone-canal "' is represented by a sac with thick glandular

walls completely invaginated into the madreporic vesicle, and

connected b}' a long, narrow neck with the collecting spaces

of the pore-canal system. Light is thrown on the develop-

ment of such an ampulla b}' intermediate Crossaster growth

stages where (e.g. in specimens from j in. to 1 in. across)

the ampulla is a thick- walled wide-necked cavity bulging into

the madreporic vesicle (Text-fig. 12). In Asterias rubens

the ampulla is relatively large and lies directly over the

madreporic vesicle, from which it is separated by a thin

membrane.

The ampulla has probably a h3'drostatic function (8, p. 272),

and permits changes of volume on the part of the "heart"



Text-fig. 11.

ax.s.

ax.o

Diagram illustrating relations of heart towards end of meta-
niori3liosis, showing its commnnications (the future gastric

haemal tufts) with the stomach-wall, and also with the axial •

organ and the aboral body-wall. (See under Text-fig. 12.)

Text-fig. 12.

ao.s.

Diagram to illustrate relations of pore-canal system, axial sinus,

etc., madreporic vesicle, "heart," and principal hajmal vessels
in a young Crossaster, 25 mm. across the disc (see p. 172).

The madreporite, the madreporic vesicle, the ampulla, and
the upper parts of the stone-canal and axial sinus are seen
in vertical section as from somewliere near the centre of the
disc. ab. s. Alioral sinus. amp. Ampiilla of stone-canal.
ax. o. Axial organ, ax. p. Main opening of axial sinus into
yjore-canal system. ax. s. Axial sinus. ds. Dorsal sac or
madreporic vesicle, (j.h.t. Gastric haan a 1 tufts. /). "Heart."
st. c. Stone-canal. v.ii}. Communication of "heart" with
spaces in aboral l)ody-wall.
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(head-process of axial organ) within the maclreporic vesicle^

this vesicle being sui'ronnded by rigid tissue except where it

abuts against the ampulla.

The Larval Posterior Coelomic Cavity.—AVhen first

recognisable this ccfilom is a rounded cavity, which sometimes

lies symmetrically at the posterior end of the larva, but

sometimes appears swollen dorsally and to the left, causing*

the prominence of the left dorsal part of the blastoporic lip

referred to on p. 159. As the body of the larva becomes

flattened laterally the posterior coelom grows out dorsally

and ventrally, giving rise to dorsal and ventral horns, the

former of Avhicli at first keeps slightly to the left of the

middle liue. The dorsal hoi'n grows forward till it is arrested

by the axial sinus portion of the anterior coelom. At this

stage it often shows bifidity, the left tip being destined to

form periha3mal poucli I/II, and the right one pliaryngeal

pocket I/II and the coelom within arm-rudiment II. The
ventral horn extends first in a forward and then in a dorsal

direction until it also is arrested by the anterior ccelom. The
tip of this horn lies in the ventral lip of the aboral brachio-

larian notch, and when the notch in question becomes reduced

to form iuterradius I/II, gives rise to the coelom within arm-

rudiment I. Accordingly, while hydrocoele pouch I is derived

from the larval dorsal, ai-m-rudiment I is derived from the

larval ventral side of the brachiolarian notch. In its growth

forward the ventral horn passes slightly to the right of the

middle lino and its tip also sometimes shows temporary

bifidity. The principal derivatives of the posterior coelom

are the hypogastric coelom, the pharyngeal or perioral

coelom, the external oral periha3mal pockets, the genital

rachis, and the aboral periha)mal sinus.

Hypogastric Coelomic Cavity.—This large cavity is

derived wholly from the posterior coelom and its dorsal and
venti'al horns. Daring and after metamorphosis it extends

orally and aborally, thus covering a portion of the enteron

both on the oral and aboral sides, 'i'lio hiyers between it and
the epigastric coelom form the circular epigastric mesentery.
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which ultimately becomes broken vip into ligamentous strands

except above the radial c^eca. Outgrowths from the main

cavity give rise to the cavities Avithin the arm-rudiments,

.that of arm-rudiment II being derived from the tip of the

dorsal, and that of arm-rudiment I from the tip of the ventral

horn. Daring, and for some time after, metamorphosis, the-

dorsal and ventral hoims are separated by the axial sinus,

which abuts against the enteron wall. Later, however, the

two horns communicate freely between axial sinus and

enteron wall, owing- chieflv to extension of the dorsal horn in

this region. The two gastric ha?mal strands are specialised

bands belono-ino- to the series derived from the circular

epigastric mesentery (p. 166).

Perioral or Pharyngeal Coelom.—This coelom arises

in the form of pockets from the posterior coelom, coming off

internal to the hydrocoele ring, and pushing into the tissue

between this ring and the gut. Pockets III/IV and IV/V

arise earliest, then II/III, Y/VI, YI/VIl, XII/I, I/II, YII/

VIII, XII/XI, YIII/IX, XI/X, and IX/X. The first-formed

pockets (I-YI) are completely separated off at a stage when

the later ones (YIII/IX and X/XI) are in coarse of formation

and the last one (IX T) has not yet appeared. Pouch I 'II arises

from near the tip of the dorsal, and pouch XII/I from near

the tip of the ventral horn ; after their separation the pockets

extend towards one another, and ultiinately fuse to form a

continuous cavity round the position of the future mouth.

Their stalks of origin become obliterated with the exception

that the first of them, i.e. that in interradius I/II, does not

appear to close. When the fusion of the pockets is complete,

the resulting pharyngeal cavity is separated from the main

hypogastric cavity by a circular mesentery, except in inter-

radius I/II. This sheet becomes perforated first interradially

and then i-adially, giving rise to the various ligaments con-

necting the oral aspect of the stomach with the body-

wall.

External Oral Periha3mal Ring.—This ring arises in

the form of interradial pockets, all of which take origin from
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the posterior coelom, and, growing out external to the hydro-

coele ring, interdigitate with the hydrocoele pouches. They

appear several days later than the pouches between which

thev lie and in similar sequence. Thus, those in interradii

I II to Y/Yl appear practically together, III/IV and IX/Y

being a little in advance. Then in order come YI/YII, XII/I,

YII VIII, XII XI, YIIITX, X XI and IX X, as in the case

ol: the pockets for the phalangeal ccelom. I'll, IT'IH, etc.,

arise from the dorsal horn, and XII/I, XI/XII, etc., from the

ventral horn of the posterior ccelora. As the radial canals of

the hydrocoele grow out, each periha?mal pocket sends a

prolongation along the adjacent sides of the two radial

canals bounding the interradius in which it lies, as

MacBride first pointed out in the case of Asterina (13,

p. 560). As in Solaster (6, p. 188) and Asterias (8,

p. 260) each pocket also sends an interradial branch

aborally into the tissue of the interbrachial septum.

Genital Rachis and Aboral PeriliEemal Ring.—So

far as I can make out the development of these two structures

occurs in the manner described by MacBride for Asterina

(13), viz. by the formation of a pocket pushing out from the

dorsal horn of the posterior coelom just below the madreporic

vesicle, and afterwards extending horizontally round the disc

and sending two branches outwards in each interradius. I do

not find, however, that there is a growth of recognisable germ-

cells down the lenijth of the axial organ.

The Larval Middle Cavity or Enteron.—At first the

enteron is simply an isthmus betwen the anterior and posterior

coeloms, compressed from side to side so as to form a short

slit-like passage. The dorsal extremity of the slit is a little

to the left of the middle line and the ventral extremity a

little to the right. The right wall of the slit is rather larger

than the left and is slightly pouched to the right. The

opening between the enteron and the posterior coelom

becomes closed about the eighth day, its last traces being

found nearer the ventral than the dorsal end of the slit and

looking slightly to the right. The opening between enteron
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and anterior ccelom does not close till a day or two later.

The last trace of this opening is found near the dorsal end of

the slit, and looks leftward owing to the greater size and

prominence of the right enteron wall in this region. After

separation the enteron expands slowly, becoming, in the first

place, bluntly gibbous in shape, with dorsal and ventral

liorus which fit within the crescent formed by the posterior

or hypogastric coelom. During metamorphosis it increases in

size and thickness, and a very active transference of yolk-

granules from the other tissues, particularly from the parts

undergoing reduction, takes place into the cells forming its

walls, which for a time become syncytial. Blunt expansions

next appear opposite the rays, and these will be recognisable

afterwards as the radial dilations of the gastric portion of the

stomach. At the same time a pyloric sac region becomes

marked out aborally, and from this sac the pyloric or radial

c£eca begin to grow outwards. Both kinds of outgrowths

appear first in the earliest-formed rays, and subsequently in

the other rays, according to the sequence in which these

became differentiated. We have to note that the casca for

ray I arise from Avhat was the ventral horn of the gut during

its former gibbous stage.

The oesophagus takes origin (sixth to seventh week) on the

(larval left) adult actinal aspect, as an outgrowth of the

enteron which bridges the central part of the anterior coelom

and the remains of the left lateral diverticulum of this coelom,

and fuses with the left body-wall in the middle of the area

enclosed by the hydrocoele crescent. The contingent layers

become reduced and then absorbed. There is no stomod^al

invagination. Usually, though not always, the mouth opening

is at first tri-radiate, the angles pointing more or less in the

direction of rays III/IV, VII/VIII, and XI/XII.

The intestine takes origin excentrically ininterradiusWI
as an outgrowth from the roof of the pyloric sac between the

Layers of the circular epigastric mesentery. The outgrowth

expands at its extremity to form the rectal sac, which projects

chieHy into the hypogastric ca-loni. The rectum grows out
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from this sac in interradius Y/YI (see 6, p. ISO), continuing

the line of the intestine. It gradually burrows through the

aboral body-wall in the same inter-radius, and meeting with

a sliallow depression from outside forms the anus, Avhich,

however, i^ unprovided with a proctodeum.

Skeletox.

The aboral skeletal plates arise as in Solaster endeca

(7, p. 41) in the form of scattered calcifications, without

definite radial or inter-radial arrangement, except that

groups of two or more are recognisable from an early

stage in the position of the future terminals. As the disc

increases in size, additional calcifications appear between the

original ones. In the end the earlier-formed plates become

nodal points in the skeletal reticulum, and each develops on

its superficial aspect a rounded boss or hump for the support

of a group of spines. An important point to note is that in

each ray the adult terminal arises by the fusion of several

(usually five) originally separate calcifications placed at the

tip and just at the sides of the tip of the ray. The same

process occurs in Solaster endeca (7) and in Cribrella (10).

So far as I know, this is the first ascertained instance among
Echinoderms in which a primary skeletal plate takes origin by

the union of earlier scattered calcifications. It is altogether

likely that in primitive Echinoderms the skeletal plates were

numerous, small, and without definite arrangement, and we

are probably justified in inferring that the primary plates

which appear radially and interradially in the development of

such starfish as Asterina gibbosa and Asterias rubens
are the ontogenetic representatives of groups of ancestral

plates. This circumstance ma}' help us to realise how far any

particular form must have travelled towards specialisation by

the time it exhibits quinque-radiate symmetry in the ontogeny

of its skeletal plates.

The spines arise as calcifications in the superficial la^'er

of the dermis, and are at first numerous and uniformly

distributed over the abactinal surface, except that they appear
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latest in tlie region of the last-formed rays. We next find

them set singly^ or in groups of twos or threes—the first

paxillse—over the larger skeletal plates.

The development of the ambulacra! and adambulacral

plates follows the course described by Ludwig in Aster in a

(12) and b}^ the author in Solaster endeca^ the first

ambulacrals being proximal to the first tube-feet in each ray,

and the first adambulacrals forming the mouth-angle plates.

However, from careful maceration experiments, it appears

that each first ambulacral is continuous in origin and early

growth with the corresponding first adambulacral or mouth-

angle plate, the joint which finally separates them being of

secondary formation. This is interesting in view of the

fact that palaeozoic Asterozoa (Spencer, 24, p. 30), have no

ambulacral plates proximal to the first tube-feet. We may
infer that the first ambulacrals of recent starfish are new
formations, and that they have arisen as buttress extensions

from mouth-angle plates towards the middle of each ray.

This will throw light on the distinction between the adambu-

lacral and the ambulacral types of mouth-armature in recent

starfishes, the former being presumably the more primitive.

In any case, two important facts have been established

regarding particular "primary" plates: (1) That in the

terminals Ave have an example of fusion of previously-formed

calcifications, and (2) that in the first ambulacrals the converse

process, namely, separation from a larger calcification, is

exemplified.

General.

Among features of general interest in the foregoing which

claim further notice are the following : (a) The mode of

origin of the coeloms
;

(b) the mode of formation of the

doi'sal sac or madreporic vesicle
;

(c) the origin of the

pharyngeal or perioral coelom
;

(d) the origin of pocket I/TI

of the external oral perihaemal I'ing; (e) the sequence in

the formation of the hydrocoole pouches
;

(f) the relation

of the larval stalk and sucker to the hydrocoele ring
; (g)

peculiarities in the development of the skeleton (see above).
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(a) Origin of Coeloms.—Neither in Solaster endeca
(7) nor in Crossaster papposus is there any indication of

an origin of the posterior coelom by constriction from the

anterior ccelom^ and the gut is an isthmus, not a diverticulum

of the archenteron. InAsteriasrubens (8), A. glacial is

(10) and Porania pul villus (9) I described rudiments of

an independent posterior coelomic outgrowth from the enteron.

In Enteropneusts, Morgan (20, p. 413) and Bateson (1) have

ascribed a posterior origin to the trunk coeloms, while Davis

states that these arise through backward growth of the

anterior coelomic sacs. In Asterias rubens (7), as in

Asterina (12), the hypogastric coelom of the adult is derived

entirely from the larval left posterior coelom. I have

accordingly put forward (8, p. 234) the view that in Entero-

pneusts and Echinoderms generally there are two potential

modes of origin of the posterior coeloms : (1) by constriction

from an anterior coelomic outgrowth, and (2) by a separate

posterior outgrowth from the enteron. As regards Cross-
aster and Solaster, the conclusion is drawn that both

modes of origin are represented, the former on the right side

of the larva and the latter on the left side. Thus on the

right side the epigastric coelom takes origin as a backward

diverticulum of the anterior coelom, while on the left side the

hypogastric coelom arises independently behind the enteron.

In this connection it will be remembered that actually at any

early stage the right lateral diverticulum of the anterior coelom

extends further back than the left diverticulum (Text-fig. 4),

while the posterior coelom has frequently its greatest extension

dorsally, and to the left. (See also discussion in 8, p. 234.)

(b) Dorsal Sac.—It was a great surprise to find that in

Crossaster and Solaster the dorsal sac takes origin from

the epiderm. I hesitated to publish this result until I had

obtained and examined sets of ova from three separate

spawnings. MacBride and Masterman state that the sac in

question has a coelomic origin in Asterina (13) and

Cribrella (19) respectively. I had recently the opportunity

(1916) of verifying this statement beyond the possibility of



DEVELOPMENT OF THE STARFISH CROSSASTER PAPPOSUS. 181

doubting in the case of Cribrella from reared larvae. As
regards Solaster en dec a, when I worked out its develop-

ment (1910) the evidence was not at first conclusive, but

later some of my material showed tlie sac arising from the

anterior coelom, and accordingly I stated {7, p. 26, 1912) that,

so far as I could make out, the dorsal sac is budded off from

the anterior coelom. But unfortunately this later material had

been supplemented by plankton-gathered larvae (19), and

a,long with these a few Cribrella larvas prove to have been

collected, and to have been mistaken, most regrettedly, for

Solaster. At that time it had not been put on record, as I

have since done (10), that Cribrella eggs may be pelagic, a

brooding habit being stated to be characteristic of the

species (19). The two species have the same spawning

period, and their eggs and larvas resemble one another during

early stages, and although the anterior brachium normally

remains single in Solaster and becomes double in Cribrella,

still it is occasionally doubled in the former.

I cannot suggest any satisfactory explanation which Avill

•reconcile the epidermal origin of the sac in Crossaster and
its ccelomic origin in Asterina and Cribrella, etc., and its

apparently mesenchymatous origin in certain other forms.

Possibly the re-arrangement of the central cells during

blastida formation may provide opportunity for portions of

tissue from deeper layers being lined up thus early with the

epiblast. Or, again, in larvae like that of Echinoderms, it

is by no means inherently out of the question that the forma-

tive tissue of a muscular sac destined to lie close under the

skin should actually arise from epiderm. But the Avant

of uniformity is the puzzle, and meantime, apart from

Crossaster and Solaster, the position is that in Asterina
(13), Cribrella (19), Echinus (15), Ophiothrix (14) and
Echinocardium (17) a coelomic origin is assigned to the

sac, while in Porania (9), Asterias rubens (8) and A.
vulgaris (4a) the sac is said to be of mesenchymatous origin,

and to be developed from a cell or cells appearing close

under the epiblast. In Enteropneusts, Bateson (la) and

VOL. 64, PAUT 2.—NKW SEKIES. 12
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Morgan (20) speak for a mesenchymatous, and Spengel (25)

and Bourne (2) for an epidermal origin of the pericardial sac

with which the madreporic vesicle of Echinoderms is no

doubt homologous. To suggest that in the Solasters the

madreporic vesicle corresponds to an enteropneust neural

cavity which has somehow replaced a closely adjacent peri-

cardium of enterocoelic or mesenchymatous origin is a specu-

lation hardly stranger than the actual ontogenetic facts.

As a matter of fact, in Cross aster papposus and

Solaster endeca the pit of origin of the madreporic vesicle

is continued ventrally along a distinct ectodermal groove,

from the bottom of which ectodermal cells are .budded off

towards the wall of the future epigastric coelom. I have not

yet been able to ascertain the fate of these cells, but certainly

they do not originate in the epigastric coelomic wall. Perhaps

they are the fundament of the aboral nervous system, and

correspond with the posterior dorsal nodes described by me in

the larva of Porania (9, p. 42).

(c) Origin of Pharyngeal or Perioral Coelom.

—

Crossaster agrees with Oribrella and Solaster in having

this ccelom arising as a series of pockets from the posterior

coelom, one in each interradius. Ontheother hand,in Asterias
rubens (8), Asterina (13) and Asterias pallida (11) the

pharyngeal coelom arises by a single outgrowth in the

neighbourhood of interradius I/Il. The fact that in Cross-

aster the pliaryngeal outgrowth in interradius I/II does not

lose its connection with the posterior coelom goes some little

distance on the way to reconcile theabove divergences. Wemay
see in these facts an indication borne out by other data that

interradius I/II is to be counted as the first or fundamental

interradius in Asteroid symmetry. In Crossaster the inter-

radial origin of the pharyngeal coelom is rendered in some

respects more difficult, but in other respects easier to demon-

strate by the fact that the development of the series of

pockets is spread over a relatively long period.

(d) Origin of External Oral Perihaemal Ring.—
Crossasteragrees with Solaster (7), Asterias rubens (8)
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and Cribrella (10) in having all the pockets for this sinus

arising" from the posterior coelom. On the other hand, in Aste-
rina (13), Ophiothrix (14) and Cribrella (19) perih^enial

pocket I/II is described as arising from the axial sinus portion

of the anterior ccelom. In all probability the apparent dis-

ci'epancy is related to the fact that a communication is estab-

lished between the anterior coelom and the dorsal horn of the

posterior shortly before the foi*mation of the perihsemal

pocket in question. Indeed, in Cribrella (10) I have

demonstrated the posterior coelomic origin of this pocket.

It seems in every way probable that primitively the

whole of the periheemal pockets arise from the left

posterior coelom. In Echinus all five pockets for the

lantern cavity—a cavity which MacBride holds to be

homologous with the external oral perihsemal sinus—take

origin from the left posterior coelom (15), while the

corresponding pockets in Echinocardium have a similar

origin (17).

(e) The Sequence in the Formation of the Hydro-
coele Pouches,—In this connection the most striking

feature is that while pouches I to V arise practically at the

same time and VI very slightly afterwards sinistral to Y, the

remaining pouches arise partly in series sinistral^ to V and
partly in series dextraP to I. In Solaste^r endeca the

pouches additional to the five primary ones either all arise

in series sinistral to Y (eight-rayed specimens), or the last of

them arises (nine-rayed specimens) dextral to I from the

dorsal horn of the hydrocoele crescent (10). We can say

that there is a tendency towards secondary bilateral symmetry
in the development of the later hydrocoele poaches of Cross-
aster (see PI. 10, figs. 7 and 8). At the same time the

two great landmarks of starfish radial asymmetry, namely,

the madreporic complex and the anus in interradii I/II and
Y/YI respectively, show that, in Crossaster, rays YItoXII,
Tike YI to IX in Solas ter, are to be regarded as a secondary

addition, and that the other rays are rightly numbered by
' See note on p. 156.
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counting tlie madreporic interradius as I II, witli I on tbe

dextral side of the madreporic opening.

Relation of Stalk and Sucker to HydrocoeleRing.
—It is significant to note (p. 161) that in Crossaster and

Solas ter the last remains of the sucker are external to the

liydrocoele ring, which never actually encircles the larval

stalk, as it does in Asterina (13) and Asterias (8). The

difference is probably due to the late period at which the

hydrocoele ring is completed in Crossaster, though this

reason cannot apply in the case of Cribrella, where the ring

in question is closed at an early stage without enclosing stalk

or sucker. There is, however, every ground for thinking

that Echinoderm larvte with a large open hydrocoele crescent

(Asterina, Asterias, Crossaster, Solaster) are more

primitive in this respect than those in which the hydrocoele

ring is closed practically from the first.

Summary and Chronology of Development.

Segmentation total, equal or sube'qual (1 to 2 days).

Formation of hollow blastula by egression (3 to 4 days).

Formation of gastrula by invagination (5 to 6 days). Elonga-

tion of gastrula and division of archenteron into anterior,

middle and posterior larval cavities (7 to 8 days). (In course

of later development the anterior larval cavity gives rise

to cavity of prteoral lobe, hydroporic canal, hydrocoele,

epigastric ccelom, axial sinus, stone-canal, axial organ, in-

ternal oral perihtemal ring, and oral luemal ring. The middle

larval cavity gives rise to all portions of the adult digestive

cavity. There is no larval mouth, oesophagus or anus. The
posterior larval cavity gives rise to the hypogastric coelom,

the pharyngeal or pei'ioral coelom, the external oral perihasmal

ring, the " genital rachis " and the aboral periheemal sinus.)

Indication of brachia and sucker (9 to 10 days). Forma-

tion of hydroporic opening (11 to 12 days). Closure of

blastopore ; formation of dorsal sac or madreporic vesicle

from epiblast (12 to 14 days). Hydrocoele pouches I-VI



DEVELOPMENT OF THE STARFISH CROSSASTER PAPPOSUS. 185

appear (15 to 17 days). First indication of developing

aboral and ambulacral skeletal plates (17 to 18 days).

Flexion and torsion of praeoral lobe begins (18 to 19 days).

Ultimately the preoral lobe is absorbed or incorporated with

the oral (larval left) side. Sucker fixation (19 to 20 days).

The hydrocoele lobes appear externally in the following

sequence: II-IY (21 to 22 days), I (22 to 23 days), VII

(27 to 28 days), XII (29 to 30 days), YIII (33 to 34 days), IX
and XI (37 to 41 days), X (43 days) . First pairs of sucker feet

on rays I-YI begin to be functional and the larvEe shift position

slightly while still anchored by the sucker (28 to 30 days).

Sucker fixation lost (35 days). Mouth opening (38 to 42 days)

and anal opening (49 to 55 days) appear. The oral and aboral

gastric ligaments arise by partial breaking down of the mesen-

teric sheets separating the perioral and hypogastric coeloms

from the hypogastric and epigastric coeloms respectively.

I have to express indebtedness to the Carnegie Trust for

grants towards meeting the expenses of this investigation,

and to Mr. John Peden, Laboratory Attendant at the

Millport Biological Station, for skilful and ungrudging help

in obtaining and rearing the eggs and larvae required, in the

absence on active service of Mr. R. Elmhirst, Superintendent

of the Station.
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EXPLAXATiOX OF PLATE 10,

Illustrating Dr. -James F. Gemuiill's paper on " The Develop-

ment of the Starfish Crossaster papposus, Miiller

and Troschel."

My paper on the development of Solaster endeca (7) may be

referred to for figures which illustrate the following features in the

development of Crossaster papposus: Segmentation, blastula and

gastrula fonnation, PI. i, figs. 1-6 ; separation of jjrimary cavities in

the larva, PI. iii. figs. 24-33
;
general growth and mode of attachment

of the lai-va, PI. ii, figs. 15-21; sections of larvee and of stages in

metamoi-phosis, PI. iv, figs. 36-48 ; various points in the development

of the skeleton, PI. i, figs. 8 and 9, and PI. ii, fig. 30.

Abbbeviations employed IX Reference Letters both in

Plate and in Text-figures.

a.a. Antenor brachium. a.c. Anterior larval coelomic cavity, amp.

"Ampulla of stone-canal " (see p. 172). ar. Aboral arm-rudiment, ax.o.

Axial organ, u.v.s. Axial sinus, ax.}). Main opening from axial sinus

into pore-canal system. bl. Blastopore. br. One or other of the

lateral brachia. cbr. Cavity of praeoi-al ccelom running up into a

bi-achium. eld. Left lateral diverticulum of anterior larval ccelomic

cavity, d.h. Dorsal horn of posterior ccelomic cavity, d.s. Dorsal sac

or madreporic vesicle, ect. Ectoderm, ep.c. Epigastric coelom (right

latei-al diverticulum of anterior larval coelomic cavity. g. Enteron.

g.h.t. Gasti-ic haemal tufts, hy. Hydroccele. hijd. Hydroporic canal

or opening. hyp.c. Part of hypogastric ccelomic cavity. m.a.p.

Cushion over mouth-angle plates carrying spines, mth. Mouth, vies.
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Mesoblast filling space between the two primary embryonic layers.

lib. Aboral brachiolarian notch (in inteiradius I/II). ji.c. Posterior

larval ccelomic cavity (futui-e hypogastric coelom and other derivatives).

ph. Pocket from posterior lai-val coelomic cavity for one of the segments

of the external oral perihsemal ring. j[:>r.c. Prseoral coelom. pr.l.

Prseoral lobe. s. Sucker of larva for attachment during metamoi-phosis.

s.f. Sucker-foot of young starfish, sp. Papillae containing developing^

spines, st.c. Stone-canal, v.h. Yentral horn of posterior lai-val coelomic

cavity, v.ic. Communication of " heart " with spaces in aboral body-

wall.

PLATE 10.

Figs. 1-5.—Late free-swimming larvae of Crossaster, showing the

relations of the more important larval ccelomic cavities. The outline

of the gut-wall is dotted in these figures.

Fig. 1.—Fifteen days from larval left side.

Fig. 2.—Fifteen days fi-om larval dorsal side. (Dorsal sac and

hydroiJoric canal are not shown in this figure.)

Fig. 3.—Fifteen days from larval ventral side.

Fig. 4.—Fifteen days from larval right side.

Fig. 5.—Seventeen days with six fully developed hydi'occele pouches

and a commencing seventh. The prseoral lobe is beginning to be flexed

and twisted towards the larval left side.

Fig. 6.—Stage 21 days old (2 to 3 days after attachment) from

oi-al (left laiwal) side. The first six hydrocoele pouches now show three

or five lobes (the future podia) while the seventh pouch is still simple.

The prseoral lobe is well flexed back on the left (larval) side, but has

not yet begun to be absorbed.

Fig. 7.—Stage 28 days old (8 days after fixation), showing gradual

reduction of the prseoral lobe, increase in the future circumoral area,

further development of the sucker-feet on hydrocoele pockets I-VI, and

commencing formation of pouch XII from what was the larval dorsal

hom of the hydrocoele crescent. The hydrocoele ring is incomplete in

the region of the sucker.

Fig. 8.—Stage 37 days old (16 days after fixation). The praeoi'al

lobe is now absorbed all but the sucker. Hydrocoele pouches VIII

and XI are definite, while IX and X are just apparent, and the

hydrocoele ring-canal is in process of completion between them, the

sucker being outside the hydrocoele ring. The tube-feet on rays I, VII

and XII are functional and the little starfish shifts position, though it

is still anchored by the sucker, which has not yet lost its hold.
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Fig. 9.—Young Crossaster with all its rays developed and the

sucker almost comijletely lost (20 days after commencement of fixation

and 3 days after detachment of sucker). Note the relative backward-

ness of differentiation on the pai-t of the rays in the segment between

pouches XI and VII. Note further in figs. 6-8 a semblance of

bilatei-al symmetiy produced by the mode of development of the

later-formed i"ays on either side of the sucker.
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Determination of Age in Honey-Bees.

By

Helen L,. M. Pixell-Ooodricli, D.Sc.

With Plate 11.

It is of tlie utmost importance in the study of certain bee

diseases to be able to separate definitely bees dying of a

specific disease from those which are merely dying of old

Jige. In the height of the honey-flow worker bees are said

literally to work themselves to death in about six weeks after

hatching. Consequently during the summer the normal

daily mortality is very high—from a hive of fifty thousand

workers being at least several hundreds. The last bees

hatched out in autumn hibernate with the queen and thus

attain an age of several months. It is popularly supposed

and stated in some books on apiculture that an old bee may
be recognised by her worn appearance, her body tending to

be hairless and her wings frayed. The inaccuracy of this

general statement and the uselessness of such a diagnosis for

scientific purposes was soon apparent. I have carefully

examined bees of many months in age (e.g. autumn bees

flying in May) and compared them with those of a few weeks

without finding an}' constant external differences. Conversely,

relatively young bees may become hairless and their wings

frayed under exceptional circumstances.

As a rule old bees die away from home, possibly during a

foraging expedition, but they sometimes appear to return.
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especially to a weak colony, and have ultimately to be turned

out of the hive by its younger and more vigorous members.

Bees having so few ways of showing their symptoms, it

will be readily understood that thei-e is much difficulty in

differentiating disease from senescence at sight. If a bee is

ill or very old it will first be unable to fly and later hardly

able to crawl. Many " bee-experts " diagnose a crawling

bee to be suffering from "Isle of Wight "^ disease if its

rectum is distended with an accumulation of undigested

pollen, wax, etc., which can be readily squeezed out by slight

pressure. It must be remembered, however, that, since bees

normalh' defecate on the wing, there will tend to be a

collection of such undigested matter in any bees unable to fly.

Before proceeding further it will be well to explain briefly

how far the investigation of the common diseases of adult

bees has progressed in this country. Among diseases which

can be diagnosed microscopically or bacteriologically are :

(1) Microsporidiosis or Nosema disease due to the

protozoan parasite Xosema apis, Zander, which has been

described by Fantham and Porter (7). Much has been written

on this disease (7a, 20), which is not at present at all common in

England. Xo doubt the activities of the Board of Agriculture

since 1906 have helped to reduce the frequency of its

occurrence.

(2) A form of dysentery or inability to retain faeces

appears to be due to a small oval yeast—possibly of more than

one species. The contents of the colon iu affected bees are

often watery, and always show enormous numbers of actively

budding yeasts which are also present in the ventriculus.

These organisms, which stain readily by the Gram or Claudius

method, have never been found in the walls of the alimentary

canal nor in other tissues. They are readily stained and

therefore presumably killed by methylene blue, so that no

doubt this and other mild antiseptics help to reduce their

numbers. In these disorders, therefore, spraying and medi-

cated feeding are likely to have some beneficial effect.

' See footnote to p. 193.
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It must be remembered that yeasts are very widely distri-

l3uted organisms, so tliat hardly a bee examined will be free

from small numbers taken in with pollen grains, etc. They

are usually, of course, quite hai-mless, and it is only when
conditions are suitable for them to pullulate that they appear

to have any pathogenic effect.

(8) After a bee has been free in a room for even a short

time I have found that it almost invariably develops one or

more colonies of a mould. Branches of the mycelia of these

often penetrate the walls of the alimentary canal, causing

adhesions between its various parts and rapidly proving

fatal. The spores of these fungi are no doubt ingested by

the bee Avith dust from the room.

(4) The black shiny condition occasionally met with in

some bees of a stock owing to loss of the normal covering of

hairs has been associated by Cheshire (2, ii, p. 570) Avith the

presence of an organism—B acillusgayton i—in the intestine.

This finding has not so far been confirmed. Cheshire states

that in such cases the queen is generally badly affected and

that re-queening is the best way of checking the disease.

In addition to these there would seem to be at least one

other disease for which a specific organism has not yet been

separated. This I shall refer to provisionally as malignant

disease.^ Eennie (17) has recently published some interesting

' It is better to avoid the use of the term " Isle of Wight '" disease

owing to the confusion associated with it. This mysterious unknown
disease (malignant disease) has been much confused with microspori-

diosis. Further, one or two instances in which yeasts have been
mistaken for Nosema by incompetent observers posing as experts have
come under my notice. Thus at times at least three of the above dis-

orders have been called " Isle of Wight " disease, and it is now, I fear,

impossible to determine with certainty to which the term was originally

applied.

Much has been written also about bee paralysis, but I can see no
reason for considering this to be a distinct disease. Supposed isolated

instances are doubtless often due to accident—the result of fighting

among.st themselves or with wasps, etc.—age and cold, or, as Maiden
(7a, p. V.^o) points out, many so-called cases are in reality cases of the
above (malignant disease).
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experiments on tlie infectiousness of this disease. On no

occasion have I been able to obtain any bacteria from the

bloody muscles oi* fat body of bees examined bacteriologicall}''.

From the alimentary canal so vast is the number of bacterial

colonies usually obtained Avith ordinary nutrient media that

the difficulty is to separate them for identification. No
organisms have so far been demonstrated actually inside the

cells of the alimentar}^ canal although I have stained numerous

serial sections with almost every conceivable stain, including

Gram, Van Gieson, Claudius, etc. As might be expected, the

intestines of bees from almost every different locality contain

different bacteria which will grow on various media, some

aerobically, others anaerobically. So long as I was uncertain

whether a craAvling bee was merely senescent or really diseased,

the problem of finding whether any special bacterium was

associated with the disease was practically impossible to

solve.

The possibility of determining the age of bees is likely to

be of further importance in estimating the chances of survival

of a stock during the winter. There is no doubt that age and

suitable general conditions of life have much to do with

successful wintering, and that loss of stock owing to lack of

these conditioDS is often quite wrongly attributed to disease.

Being then convinced of the necessity of being able to

determine the age of a bee. I carefully examined, in the first

place, such exterior parts of the body as the hairs, glossa,

gonapophyses, etc. On concluding that nothing definite was

to be determined from these, the study of the brain and head

glands was begun.

The work of Minot (15) and others, together with the fact

that a bee appears to work incessantly during its short life,

suggested that the nerve-cells would give a good indication

of age. The results so far obtained show that a great deal

may be learnt from a study of the brain and glands of the

head.
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Normal Life-history of a Woi'ker Bee in Summer

After laying

of fertilised'

egg

lst-3rd day

3rd-8tli day

9th day

9th-22nd day

22nd day

For 1st two
After emer-f ^^^^^

gence from-^ From 2nd to
<^^^1

I ? 6th week

Incubation of egg.

Larva is hatched and fed by workers

(nurse bees).

Cell containing larva is sealed with a
capping of wax and pollen.

Larva si^ins a cocoon and becomes a

pupa or chrysalis, then a perfect

insect (imago).

Bites her way through capping.

Young bees remain in hive acting as

nurses, etc.

Fly backwards and forwards to hive

on foraging expeditions.

For the experimental work a revolving" observatory hive

was fixed on the laboratory bench with its passage for exit

communicating with the outside air by a small hole in the

mullion of a window. The hive itself held only two combs
taken with brood and a queen from an ordinary hive. The
observatory hive was connected above with a glass-fi'onted

''super" containing four sections and room for more combs.

The bees were fed, when necessary, through holes in the top

of this " super." One of the ordinary glass sides of the hive

was replaced by a specially designed one, consisting of four

glass doors in narrow frames, each opening independently

and commanding one-half of a comb. By means of these doors

bees at required stages could be removed without disturbing

the whole hive. A record kept of the date of sealing of some
of the larvse enabled me to remove imagines on the eve of

hatching. Other bees were taken out with padded forceps

as they bit their way through the cappings of tlieir cells,

and either used for experiment or marked and put back.

Marking proved to be a decided difficulty. A dab of white

or light-coloured oil-paint on the thorax would f-ometimes

remain visible for two or three weeks if it diied quickly

enough and was of the correct consistency. Pigment mixed
with gum-arabic was no good at all, for on drying it came
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off in a lump with any hairs of the thorax that it touched.^

Attempts were made to tinge the wings by applying a dye

dissolved in water, alcohol, chloroform or ether, but no

penetration could be effected.

The least unsatisfactory method of marking in some ways

is to clip the tip of one or more wings. This does not

interfere with flight so long as only the vei\y tip is removed.

B}^ clipping different combinations of the four Avings any

number at a time (2^-1), i.e. fifteen different dates of hatch-

ing could be indicated. Tlie drawback to this method is, of

course, the difficulty in recognising a clipped bee except at

very close quarters.

For keeping bees under special observation I use large

glass bell-jars in which they can take short flights, and will

sometimes live for three or four weeks. Each jar is provided

with a large piece of crumpled paper in which the bees can

hide from the light, and honey, syrup or candy and pollen

are supplied at intervals. By adding various drugs to the

food it is easy to test their action, but on the whole wasps

or bumble-bees are better for feeding experiments since they

live longer in captivity.

Technique.

After some preliminary experiments the brains were found

to be best fixed for the routine study of nerve-cells in the

following way : The whole head is cut from a living bee,

after subduing with chloroform, if necessary. The upper

part of the chitin (just above the three simple eyes) is quickly

^ Since writing this I have heard from Mr. Biillaiiiore that at the

Cambridge Institute of Bee-keeping they have added to the pigment

used some of the preparation known as " new skin," and in this way

managed to distinguish bees for three or four weeks. Certainly the

addition of the celloidin solution is an improvement, appearing to give

elasticity and so prevent the pigment from coming off so quickly.

However, even this has a tendency to peel off and bring the thoracic

hairs with it, so that I am afraid it may still be diflBcultto recognise

bees after four or more weeks, and these are the ages at which specimens

are now required for study.
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sliced off and tlie head placed in a small tube of Petrunke-

witscli fixing-fluid for about fourteen hours. After thoroughly

washing in 70 per cent, alcohol containing iodine, the head is

transferred to 90 per cent, alcohol for some hours. It is then

easy to remove the remainder of the chitin from the posterior

part of the head, and to lift out the entire brain (PI. 11, figs.

1 and 2) with the suboesophageal ganglion and some of the

head-glands attached. After further washing the brain is

prepared for embedding and cut into serial sections as

required.

Sagittal sections -were cut of some brains, but generally

transverse sections are more useful. These are cut from

above downwards, starting through the three simple eyes.

13y leaving the optical pigment attached to the brain it is easy

to oi'ientate it when embedded.

For routine examination of individual bees transverse

sections 7jU thick are preferred, and they are stained with

Ehrlich's h^ematoxylin and orange G. Many other stains

were tried. Among them carbolthionin was good for biain-

cells, and alcoholic carmine with picronigrosin as a counter-

stain was useful for picking out membranes and connective

tissue. Perfect fixation of the material iunnediately on death

is, of course, most iuTj^ortatit in order to exclude error arising

from post-mortem changes.

Ohlmaeher's fixative penetrated very well, but owing to the

large percentage of absolute alcohol (80) and chloroform (15)

present, all the lipoids of the cells were dissolved, producing

intense vacuolation throughout. Fleming's solutions, on the

<jther hand, were not sufficiently penetrating for tlie whole

brain. Xo doubt by employing some of the osmic acid

mixtures without acetic acid on small portions of the brain

or other ganglia and staining by the more elaborate metliods,

much more interesting detail might be made out in the cyto-

plasm, I have not, however, myself felt justified in spending
time on the.se method.s, since all that is required for the

pathological work undertaken for tlie Board of Agriculture

is to discover whether a crawling bee sent for examination is

VOL. 64, I'ART 2.—NEW SERIES. 13
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senescent or not. If the nerve-cells are found to be in

sufficiently good condition to rule out the possibility of

senescence, it is then worth while to spend some weeks on the

complete investigation of the bacteria of the bee, on the

chance of finding organisms which nre possibly pathogenic.

Attempts were made to do away with the necessity of

fixation at all and to examine the nerve-cells in a fresh state.

For this purpose the abdominal as Avell as the cerebral

ganglia were investigated. Injection with methylene-blue

has not proved successful with bees (I cannot find any

instances in which it has succeeded with adult insects). It

must be remembered that the gauglia are surrounded with a

considerable tliickness of connective-tissue, and in addition a.

close net-work of tracheae makes their opacity very great.

The abdominal ganglia Avere sometimes rapidly removed

from a bee opened under Ringer's solution (Locke's modifica-

tion) as usual and then flooded with a dilute solution of

methylene-blue in the same solution ('001 per cent.), but

penetration was always difficult, and the cells could only be

made clear after a considerable amount of teasing of the

ganglionic tissue. Consequently these processes had to be

abandoned in favour of a constant method of fixation as

described above.

Experimental Results.

In the .serial transverse sections cells of several different

sizes are to be found (11, 18). The cells that I have studied

are the large ones with a considerable amount of cytoplasm

when young, and a nucleus measuring 8 by 10 microns or

more. No definite Nissl bodies are to be seen after the fixa-

tion used, but some of the older cells are hyperchromatic,

having a varying number of irregular masses of deeply-

staining substance in the cytoplasm (PI. 11, fig. 8). These

large cells are found cliictly in the following four main

regions :

(1) Almost at the centre of the brain is a wedge-shaped

mass of cells pointing towards the anterior surface, and
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having as a base a group of giant fibres. In each of the

dozen or so sections, 7 jn thick, passing thiough this region

there are generally four or five large cells—rather more in

very young brains.

(2) Cells of the antennal lobes. Each of these lobes

consists of a convoluted spherical mass of fibres giving rise to

the antennal nerve and surrounded by nerve-cells. These

are the cells studied by Hodge (9, 10) and Smallwood and

Phillips (18).

(3) Just anterior to the inner fibrillar body of the optic

lobe is a mass of cells, chiefly small ones, but M^ith a few giant

ones among them.

(4) Cells of the suboesophageal ganglion. The mass of

fibres forming the centre of the ganglion and giving rise to

the ventral nerve-cord is surrounded by a layer of cells which

is especially thick on its lower surface. It has been usual to

consider the subcesophageal ganglion as part of an insect's

brain (16, 8), since Faivre's physiological experiments (6)

appeared to show that the power of coordinating the move-

ments of the body is there situated. This ganglion therefore

appears to correspond to the cerebellum of vertebrates.

The large cells, with nuclei 8-12 ju in diameter, from these

four regions in one and the same brain show great constancy

in appearance. They are also very similar to those from

other bees of the same age, but exhibit constant differences

from those of bees at other ages.

On the whole it is most convenient to study the cells from

the fourth region, i.e. the suboesophageal ganglion. The lai-ge

cells here are very numerous, forming several layers below the

mass of fibres going to the ventral nerve-cord, and bounded

on each side by small groups of fibres, from which the

mandibular, maxillary and labial nerves arise (PI. 11, figs. 8

and 4). These layers of cells appear in about ten serial

sections, and are therefore about 70 mici'ons thick. In young
bees they consist chiefly of large plumj) cells, only separated

from each other by narrow strands of connective tissue with

occasional connective-tissue cells (PI. 11, fig. 3), As the
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bee increases in age, vacuoles appear at the periphery of the

cytoplasm of the nerve-cells, so that even at the end of

the first week of toil most of the cells have somewhat the

appearance shown in PI. 11, fig. 6. During the exertions of

foraging for nectar, pollen, etc., the brain-cells age still

further ; so that a bee returning to the hive at mid-day

laden with pollen showed the condition represented in PI. 11,

fig. 7.

The cell shown in PI. 11, fig. 8, came from the sub-

oesophageal ganglion of a bee which was unable to fly, and

had lost nearly all the hairs on its thorax. There is thus

good reason to think that it was senescent. The final stage

of disintegration of the cytoplasm is shown in PI. 11, fig. 9,

one of the cells from the ganglion drawn in PI. 11, fig. 4.

This belonged to a bee which came from a hive on a fine day

in March, but was too weak to effect a cleansing flight and

«oon became moribund. It will be seen that the nerve-cells

are quite worn out, there being in this part of the ganglion

only a framework of connective tissues, with here and there

the nucleus of a nerve-cell in a more or less necrotic con-

dition, w^ith only a trace of cytoplasm round it.

It will be noticed that the nuclei of bee nerve-cells contain

several nucleoli as described by Binet (1) for most insects.

Dolley (3), however, figures for the crayfish a single large

nucleolus such as is found in typical vertebrates. I cannot

agree with Mann (13), Hodge (9), and some others that there

is a marked shrinkage of the nucleus due to fatigue. In well-

fixed brains the nuclei appear to retain their norm.il shape

and also their size, as sliown by Smallwood and Phillips (18).

In very old bees, however, the chromatin seems generally to

leave the nuclear menibiane and tends to form a single clump

just inside.

A reduction of cytoplasm due to fatigue has been previously

described by Dolley (3) in the nerve-cells of the crayfish after

artificial stimulation. This he refers to as an oedematous

condition, since the so-called vacuoles left at the periphery of

the cell as the })rotoplasm disintegrates become, of course,
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filled with fluid. In crayfish and other animals which live

fur some years with intervening periods of rest one Avould

expect to find alternating signs of fatigue and recuperation

in the cells such as he describes. In bees, as far as can be

ascertained, there is no nocturnal rest. The specimens for

experiment were, however, taken from the hive about noon.

In this way it Avas hoped to eliminate any diiferences which

might possibly arise from daily fatigue. It seems very

doubtful, however, in spite of Hodge's results (9), whether

there is any recuperation during the night. Except that bees

do not fly after dusk, the various activities appear to go on

as usual. Certainly wax secretion and building of comb,

transference of honey or sugar from one part of the hive to

another, ventilating, guarding, etc., are carried on throughout

the night. It would be most surprising to obtain constant

differences in the nerve-cells of bees caught on the wing in

the morning and evening without taking their age into

account as first attempted by Hodge.

Dclley (4) has shown that incessant exercise has a very

decided effect on the nerve-cells of artificially stimulated

dogs as well as of the crayfish as desci'ibed above. One is

therefore not surprised to find that the incessant work done

by "a bee produces a pronounced cumulative effect, and
further, since the bees normally work themselves to death in

so few weeks, that the condition of the nerve-cell gives a

good indication of age in bees.

During successful hibernation no doubt a certain amount of

repair takes place in the brain and other tissues of the bee.

I hope to study these recuperation stages in more detail

during the winter.

Some bees which appear to be dying of disease have been

found to have nerve-cells rather less aged than those of the

active forager shown in PI. 11, fig. 7. It seems likely that

loss of activity consequent on attack by disease would prevent,

if anything, the usual disintegration of the nerve-cells, so that

a diseased bee w^ould appear, if studied from this point of

view, to be younger than it really is.
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If these deteriuinations of age are to be made of general

use, it is important to eliminate as far as possible the personal

equation. This can be done to some extent by comparing

the number of giant nerve-cells in some constant region of

the brain. There appears to be a small decrease in the

number of these cells with age, as stated by Hodge (10), and

as has been shown also for the Piirkinje cells of the human
cei-ebellum by Ellis (5). However, the counting of them entails

much labour, and consequently the tables with these numbers

will be held over until next year, when I hope to have a

perfect series of brains at all ages.

Further, the condition of the glands gives some clue to

age, for in normal healthy bees their physiological condition

corresponds to actual age.

The glands of the head that are being studied are the

pharyngeal, salivary, mandibular and maxillary as described

by Snodgrass (19) and Cheshire (2). In addition, a small

pair of glands has been discovered of which I can find no

previous mention (P). 11, fig. 2). These occur one on each

side of the oesophagus as it emerges from between the supra-

and suboesophageal ganglia—that is, they are just in front

of the commissures. These oesophageal glands are almost

spherical, about 120 microns in diameter. From each proceeds

what appears to be the remains of a convoluted duct to meet

its fellow of the opposite side at an angle of 60° above the

CBOsphagus and in close contact with the central portion of

the supra-oesophageal ganglion.

For the full investigation of these various head glands much
study is still necessary, and experiments with intra-vitani

stains are being carried on. Some of the glands vary enoi"-

mously with the immediate function of thebee. Thephai-yngeal

glands, for example, become distended with secretion soon

after hatching and remain so during the two weeks that the

bee functions as a nurse. By the time that pollen gathering

is undertaken, these glands appear to be exhausted and in an

advanced hyperchromatic state which gives the collapsed

glands a necrotic appearance. The different histological
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appeai'ances at the vai'ious ages promise to give most inter-

esting results as to the cause and effects of disease, as well as

the elucidation of many points in the life-history of bees^ such

as the process of elaboration of the varying bee foods

—

royal jelly, etc.,—and the ages at which these activities are

cai'ried on.

It is a pleasure here to express thanks to Prof. G. C.

Bourne, in whose department this work is being cai'ried on,

and to my husband, Mr. E. S. Goodrich, for their interest and

valuable advice during the progress of the work. Mr. J. B.

Gatenby has also made many helpful suggestions in connec-

tion with the treatment of insects for cytological examination.

I also wish to record that this work on bees is being carried

on by means of a grant from the Development Commissioners

of the Board of Agi'iculture. Much assistance in obtaining

bees suspected of disease has been given by Mr. A. G. L.

Rogers^ and more recently by Dr. Keeble and his assis-

tants in the Horticultural Section of the Food Production

Department.

Summary.

For the study of those bee diseases with which no specific

organisms have so far been identified, it is imjDortant to be

able to eliminate bees dying of old age, and this cannot be

done with certainty by observing outward symptoms. How-
ever^ the age of bees, which normally work almost incessantly

for about six weeks and then die, may be determined with

some accuracy from a study of the brain-cells. With advanc-

ing age the cytoplasm of tjiese cells undergoes gradual

reduction peripherally, until in senescence only a vestige is

left surrounding the nucleus.

The condition of the head-glands, including a pair of oeso-

phageal glands which do not appear to have been previously

recorded, gives some indication of age in normal healthy

bees.

University Museum,
Oxford

;

September, 1919.
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EXPLANATION OF PLATE 11,

Illustrating Mrs. Helen L. M. Pixell-Goodrich^s paper on " Tlie

Determination of Age in Honey-bee.s.

[The figui'es were drawn with the aid of a camera lucida at an

approximate magnification of 2000 unless otherwise stated.]

Aid. Antennal nerve proceeding from autennal lobe of brain, c. Com-
missures. E. Compound eye. e. Simple eyes. lab. Labial nerve, max.

Maxillaiy nerve, md. Mandibular nerve, n.c. Ventral nerve-cord. oes.

CEosphagus. crs. gr?. (Esophageal glands, phar. Pharynx, s.cj. Sub-ceso-

phageal ganglion.

Fig. 1.—Front view of the whole brain after removal of the pharyngeal

glands. X 20.

Fig. 2.— Right postero-lateral view of brain showing alimentary canal

with (esophageal glands, x 23.

Fig. "3. —The right half of a section through the lower part of sub-

oesophageal ganglion of a young bee immediately after hatching, showing

the central mass of ganglion-cells between the fibres going to the man-
dibular, maxillary and labial nerves. Orth"s alcoholic carmine and picro-

nigrosin. X 400.

Fig. 4.—Acoi-responding half section through tfte same ganglion of a

bee five or six months old after hibernation, showing the necrotic condi-

tion of the cells. Iron-hsematoxylin and orange G. X 400.

Fig. 5.—A large cell from the suboesophageal ganglion of an imago

immediately before hatching, showing its general plump appearance
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and freedom from highly chromatic substance in the cytoplasm. Iron-

ha-matoxylin and picro-nigrosin.

Fig. 6.—A similar cell from the subcesophageal ganglion of a bee

seven days after hatching showing the periphery of the cytoplasm

already becoming slightly vacuolated. Ehrlich"s hiematoxylin and

orange G.

Fig. 7.—A corresponding cell from a foraging bee on returning to the

hive laden with pollen. The cytoplasm is decidedly vacuolated at the

periphery. Ehrlich's hsematoxylin and eosin.

Fig. 8.—A corresijonding cell from a bee unable to fly, apparently

senescent. Ehrlich's hsematoxylin and orange G.

Fig 9.—A corresponding cell from a bee dying in March after hiber-

nation. Iron-hsematoxylin and orange G.
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Introductiox.

Althodgh numeroias papers have been published oii the

life-liistories of Gregarines, no one has, up to the present,

attempted to study in detail all nuclear phases in a single

life-cycle. As a rule the earliest and the latest stages have

received but scanty attention, while the intermediate ones

have been unduly stressed in consequence. Our knowledge

of tliis group is thus, in this respect, lop-sided and scrappy.

On certain points a considerable body of facts is available,

but the lack of any connected thread has prevented their

real value from being appreciated ; for, in order that the

different stages in a life-history may be pi'operly understood,,

it is obvious that all the stages must be known.

The study of .Diplocystis schneideri was undertaken

to try to supply the missing thread in at least one gregarine

life-cycle. My intention was to study every nuclear phase

with care. This particular ])arasite was selected on account

of its large size, and also because a constant sii])])ly of

material could be assured. It was intended to supplement

the work done on Uiplocystis by the investigation of other

Gregarines : but unfortunately my work was interrupted by

the war, and had to lie untouched for over four years. When
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at last I could resume my researches the time at my disposal

was very limited. I therefore confined myself to finishing my
work on Diplocystis, leaving the other Gregarines for some

future occasion.

In this paper I shall concern myself chiefly with the

nucleus and the various nuclear changes. Tiie general

morphology of Diplocystis is not of particular interest or

importance, and I shall touch that side of the subject only

briefly.

My work on Diplocystis schn eider i has been carried

out, to a great extent, in association with Mr. Clifford Dobell,

to whose researches—still, for the most part, unpublished

—

on the coccidian Aggregata eberthi it forms a counter-

part. In an earlier joint paper (Dobell and Jameson, 1915)

we have already recorded the chief results of our work, in so

far as they concern the behaviour of the chromosomes

throughout the life-histories of these two Sporozoa. It will be

convenient to state very briefly here Avhat these results were.

In the first place, we found that our observations were in com-

plete agreement in showing that the nuclear divisions, at all

stages in the life-cycles of the organisms studied, are mitotic.

Amitosis, resolution into chromidia, disappearance of the

nuclei at certain stages— all of which have been described iu

the Coccidia and Gregarines—do not occur during normal

development. Secondly, we found that the number of

chromosomes foi'med during mitosis is constant. The chromo-

somes are neither indefinite nor variable in number, but as

definite and constant as in any of the multicellular animals

and jdants. Tliirdly, we found that botli the organisms

studied showed, with the greatest clearness, that the chromo-

some cycle is remarkable, differing considerably from that

which, on analogy with the Metazoa, previous workers liad

been led to expect. We found that the nuclei of Aggregata
and Diplocystis contain, at every stage in tlie life-history

save one, a chromosome complex which consists of a single

set of differentiated elements, constituting a haploid—not a

diploid—group. 'I'lie one exception is the zygote nucleus,
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wliicli is formed, as in other organisms, by the fusion of

two gamete nuclei, each containing a single (haploid) set of

chromosomes. The zygote nucleus is the only diploid nucleus

in the life-cycle. In agreement with tliese findings, we found

further that reduction, or meiosis—the halving of the chromo-

some number— occurs immediately after, and not before,

fertilization. The first division of the zygote nucleus is a true

reduction division, comparable with the reduction divisions

which occur in the gametogeuesis of the Metazoa.

It is thus clear that the chromosome cycle in Aggregata
and Diplocysti.s—and, in all probability, in other Coccidia

and Gregarines—is radically different from that which has

been demonstrated in the Metazoa.

In the present paper I shall describe my own observations

upon Diplocystis schneiderias briefly and objectively as

possible, without reference to the work of others on other

Gregarines, and laying particular emphasis upon the behaviour

of the nuclei and chromosomes throughout the life-cycle. In

the second part I shall then consider the observations of other

workers, in so far as they are relevant, and attempt to show

how they should be interpreted. All the discrepant facts can,

I think, be reconciled in the light of my own findings ; and

they already tend to show, I believe, that the conclusions

drawn fi^om the study of Diplocystis will probably be

found to hold good for the whole gi'oup of Gregarines in

general.

I wish to express my gratitude to m}- friend, Mr. Clifford

Dobell, F.R.S., for the assistance which he has rendered me
at every stage of my investigation. Not only did he suggest

to me the line of work which I have attempted to follow,

but his advice and criticisms have been invaluable to me
during its progress. Indeed, if it had not been for his kindly

help and sympathy the work might never have been

completed.

The work was commenced at the Imperial College of

Science while I held the Fnllerton Scholarship from Aberdeen

University. Its completion, at the same place, has been made
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possible by a grant from the Committee for Scientific and

Industrial Research, to which body I wish to express my
thanks.

Part I.

—

The Life-cycle op Diplocystis schneideri^

WITH Special Reference to the Behaviour of the

Nuclei axd Chromosomes.

A, Material, Methods, and Infection Experiments.

Diplocystis schneideri was originally described by

Kunstler in 1887 from the body-cavity of the ship cockroach

(Periplaneta americana). The material on which I have

worked was obtained from the same insect host, but I have

also found a certain number of the bakehouse cockroach

(Stylopyga orientalis) to be infected with the parasite.

I was fortunate enough to get an almost unlimited supply of

P. americana from the Reptile House in the gardens of

the Zoological Society. Of these cockroaches 81 per cent,

were found to be infected with D. schneideri.

As is well known, it is not easy to fix gregarine material

satisfactorily. In common Avith most workers I have found

that good fixation is obtained only with picric acid fixatives.

Picro-acetic, in both aqueous and alcoholic solution, was

perhaps the most successful; but the fluid of Bouin, and

Duboscq's alcoholic modification of it, were extremely good.

In embedding, the objects were not passed directly from

xylol into paraffin, but were passed through slightly warmed

baths of chloroform and paraffin and through several changes

of paraffin in the bath. The food-granules in the protoplasm

were found to cut more easily after this graduated embedding

process.

As a rule the parasites were stained very lightly with borax

carmine before embedding. They were then inspected with a

])Ocket lens. In this way it was possible to sort the specimens

into lots roughly corresponding to the stages in the life-

history. For example, those in which the nucleus had not
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commenced to divide had a prominent nucleus ; those in which

the early divisions were taking place had no visible nucleus :

those in which the nuclei were collecting round the periphery

for gamete formation had a delicate pink zone round the

periphery ; those which Avere flaccid and watery had formed

spores. By sectioning a few specimens together from one of

the lots, and not sectioning individuals at random, the very

laborious work of cutting and searching through many sections

for the different stages in the life-cycle was somewhat

lessened.

In staining, Dobell's alcoholic iron-alum hsematein stain

was found to be invaluable. In crispness and delicacy of

colouring this stain far surpasses any other. Its more general

use would, I believe, reveal much that up to the present

has been hidden. Heidenhain's iron-alum ha^matoxylin was

used to some extent, but did not reveal the finer details,

Safranin was also occasionally employed, as was borax carmine

for whole mounts.

The spores are extremely difficult to stain. In smears they

were only imperfectly stained with acid carmine. No other

stain penetrated the spore- wall at all. In thin sections, of

course, it was possible to get quite excellent results.

In order to study the dehiscence of the spores I ti'eated

them on the slide with mid-gnt extract, but this had little or

no effect. At times the sporozoites within the spore seemed to

move, but the spores never showed any signs of dehiscing.

Sixty-five cockroaches wei-e fed on spores. Of these, thirty

were examined for dehiscence of the spore by smearing the

mid-gut contents on coverslips. In only two of these were the

spores found to have opened. The remaining thirty-five were

killed at different intervals and the mid-guts Avere sectioned

to find the penetration of the gnt by the sporozoites, but in

oidy three cases were young parasites found in the wall.

These experiments are of little valne for two reasons. In

the first place, since 81 })er cent, of the cockroaches used Avere

found to be naturally infected with the parasite, it Avas im-

possible to be sure that the yonng parasites I found Avere
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derived from the spores on which I had fed the cockroaches

and not from a previous wild infection. In the second place,

it is not possible to keep such active animals as cockroaches

in captivity under perfectly normal conditions. They eat

little, and probably their digestive juices are not sufficiently

normal to cause the spores to dehisce.

B. Macroscopic Appearance and Sketch of the

Life-history.

The parasites lie freely in the body-cavity of their host.

Almost invariably two individuals are found associated

together, although occasionally single parasites or associations

of three parasites are found. The former can never complete

their life-cycle, and of the latter Ihave found so few specimens

that I have been unable to come to any conclusion regarding

their development. In the body of a single cocki'oacli there

are to be found parasites at several different stages of develop-

ment, but the vegetative forms are the most common. These

show very clearly the two members of the association (PI. 12,

fig. 1) . The younger and smaller pairs resemble two tiny seed-

pearls stuck together. Each parasite is rounded in outline, being

only slightly flattened at the point of contact with its fellow.

They are chalky white in colour. The smallest forms that are

found in the body-cavity are easily visible to the naked eye.

As growth proceeds the point of contact between the two

members of a pair becomes more flattened and larger, but the

dual origin of the association is always clearly seen during

the vegetative life. The parasites grow to a comparatively

large size, a length of 2 mm. or even a little more for the long

axis of the pair being not uncommon.

Gradually the pairs lose their original appearance of two

little pearls pressed together, becoming oval, but slightly

constricted 'in the middle. Finally the constriction disappears

and they become oblong-oval in shape. At the same time a

clear zone appears round the periphery of each pai-asite—

a

sign that the reproductive period has been entered upon.

VOL. 64, PART 2. NEW SERIES. 14



214 A. PRINGLE JAMESON.

The clear zone next disappears and the association loses its

pure white colour and becomes watery white. While this

change has been going on the " cyst "—for so one can now
speak of it—becomes flaccid, the contents becoming very fluid,

whereas in the vegetative forms t\re parasites have very firm

bodies.

These stages, as will be seen later on, are associated with

spore-formation, the flaccid, watery cyst being filled with

spores. Unless these spores are eaten by a cockroach no

further development takes place, and the cysts gradually dry

and shrivel up, finally becoming withered-looking little brown

bodies. If, on the other hand, the host should die or be

killed when the spores are ripe, it will almost invariably be

eatenby some of its fellows. The spores then dehisce in the gut

of the new host, and the liberated sporozoites penetrate the

gut-wall, where they associate, evidenth' quite fortuitously, in

pairs. . They grow in size, lying immediately under the

basal layer of the gut-wall, until at last this ruptures and

they fall into the surrounding body-spaces.

Although the parasites may be present in such numbers

that every available space inside the body-walls is literally

packed tight with them, the host appears to suffer no incon-

venience. In particular I examined the reproductive organs

to determine whether they had been affected in any way, but

even in the most heavily infected cockroaches no sterility

seemed to have been produced. In certain of the guts

examined, in which numerous parasites were found lying in

the walls, the basal membrane showed a very considerable

thickening.

c. The Spore and the Sporozoites.

I propose to commence my detailed account of the life-

history of Diplocystis schneideri at the point where a

cockroach becomes infected with this parasite. Infection is

accomplished by a cockroach eating the spores, which, from

the nature of the parasite, must be contained within the body
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of another cockroach. As I have ah-eady pointed out^ the

spores ofD. schneideri are formed within the body-cavity

spaces of the cockroach when the parasite has completed its

life-cycle. There is, of course, no exit for the spores from

these spaces; but as cockroaches are cannibals, and prac-

tically always gnaw the abdomen of dead or dying comrades

and eat out the abdominal contents, they will almost certainly

be eaten by another cockroach. When a high percentage of

cocki'oaches is infected, some of those that are ready to serve

for a meal for the others are almost certain to contain ripe

spores of D i p 1 o c y s t i s

.

The spores are 7 to 7 '5 /* in length, and oval in shape

(PI. 12, fig. 2). The spore wall is thick, but there is a

well-marked, Y-shaped line of dehiscence (PI, 12, fig. 3), so

that when the wall ruptures along this line there is formed a

triangular opening through which the sporozoites escape

(PL 12, fig. 4). Within the spore are eight sporozoites,

lying coiled up in such a way that only four can be clearly

seen at once. As the spores stain very badly it is difficult to

make out the finer details of their ai-rangement within the

wall.

Dehiscence takes place in the mid-gut. It takes thirty

hours for ingested materials to pass through the crop and
gizzard of the cockroach and down to the end of the mid-gut,^

and thus the spores are subjected to a prolonged soaking

process in the crop before the action of the digestive juices

of the mid-gut finally causes them to open.

' In order to determine liow long it took for food to reach the mid-gut,

a number of cockroaches were heavily fed on carmine mixed to a paste

with sweetened water. The cockroaches were killed at different intervals

of time and their guts were examined. The carmine showed up very
distinctly through the thin gut-wall, and one could thus find out easily

how far down the gut the carmine meal had got in the given time. I

found thirty hours was the time taken, in all cockroaches examined, for

food to pass from the mouth to the hind end of the mid-gut. Of course,

some of the meal was longer in this part of the gut, as it seems to pass

rather slowly through the gizzard, but by thirty hours an appreciable

quantity of the meal had passed through.
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The sporozoites are some 8 (j. in length (PI. 12, fig. 5).

They are roughly spindle-shaped, but tapering more towards

one end than the other. Kunstler (1887) describes them as

being "club-shaped/' thus emphasizing the fact that one end

is somewhat thickened. They have a rounded, rather plump

appearance. The nucleus, which is situated close to the

thicker end, is very small—about 1 ^t long—and looks like a

tiny vacuole slightly drawn out in the long axis of the sporo-

zoite. At either end of the nucleus there is a small granule

of chromatin, and the whole structure thus has the appear-

ance of two tiny chromatin caps separated by a little clear

vacuole. The sporozoites advance by a writhing movement
(PI. 12, fig. 6), with the more slender end anterior, the

nucleus marking the posterior. I Avas unable to see any sign

of the amoeboid process of which Kunstler speaks.

D. Penetration of the Grut-wall and Growth of the

Parasite therein.

The sporozoites penetrate the gut-wall in the posterior

part of the mid-gut, just in front of the origin of the Mal-

pighian tubes. I have never found any parasites in the

anterior half of the mid-gut wall. They penetrate between

the long columnar cells of the epithelium, and rapidly make
their way through this layer until they come to the basal

ends of the cells, where the nuclei are situated, immediately

under the basal membrane (PI. 12, fig. 7). The parasites

remain here, and commence their growth.

For a short time the spindle shape of the sporozoite is

retained, the posterior end becoming stouter, but without

much growth in length taking place (PL 12, fig. 8). The
posterior end increases most rapidly and becomes at first

flattened and then more rounded (PI. 12, figs. 9 and 10), a

few specimens at this stage showing rather an irregular

outline, jis if the organisms were somewhat amoeboid (PI. 12,^

fig. 9). While the posterior portion is increasing greatly

in size the anterior portion may remain more or less pointed,
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SO that the young parasite becomes lanceolate in shape

(PI. 12, figs. 13 and 14). Soon, however, all trace of the

original spindle form is lost and the parasite becomes oval or

roundish (PI. 12, figs. 10, 16-19). While growth in size is

proceeding the cytoplasm becomes very much vacuolated.

The larger the parasite the more it is vacuolated (PL 12,

figs. 12, 14, 16), although the sporozoites and the very young

stages in the gut-wall show hardly any vacuolation of their

cytoplasm.

The behaviour of the nucleus during this period is of the

greatest interest. As soon as the parasite commences to

grow, the anterior chromatin particle in the nucleus also

increases in size. It forms a round body which stains much

less deeply with chromatin stains than the posterior particle

(PI. 12, fig. 11). By its rapid growth the space separating

the anterior from the posterior nuclear cap is abolished, so

that the posterior cap, which does not at first grow appreciably

in size, comes to lie in close contact with the now very large

and palely staining anterior cap, which may be called the

nucleolus. Although the nucleus is almost completely

filled by the large nucleolus, careful inspection always shows

that there is a small clear area limited by a delicate membrane

surrounding part of the nucleolus (PI. 12, fig. 12). The

nucleus is now many times larger than the sporozoite nucleus.

At first the darkly-staining posterior chromatin granule

lies closely pressed against the nucleolus. Soon, however, it

is seen that it is actually making its way inside the nucleolus.

In the first stages of this process the darkly-staining portion,

whicli I propose to call the micronucleus for reasons which

Avill be discussed later, grows somewhat in size and sends a

rounded projection into the nucleolus, so that the micronucleus

becomes hour-glass-shaped (PI. 12, fig. 13). That portion

of the micronucleus which projects into the nucleolus then

moves still further inwards (PI. 12, fig. 14), though it seems

to remain connected with the outside portion by a delicate

strand or tube. Finally, the external portion also moves

gradually inside the nucleolus (PI. 12, fig. 15), so that the
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entire micronucleus ultimately lies within it as a round,

darkly-staining body (PI. 12, fig. 16). While this process

has been taking place, the nucleolus has become slightly

vacuolated (PI. 12, figs. 14-16).

At first the micronucleus seems to be a homogeneous body,

but soon vacuoles begin to appear in it (PI. 12, fig. 17). It

grows in size and becomes slightly paler in staining reactions

owing to the presence of vacuoles, but it always stains much
more deeply than the surrounding nucleolus (PI. 12, figs,

17-19). The small clear area already noted as occurring in

the early nucleus grows in size very rapidly, and soon

surrounds the nucleolus with a large nucleoplasm area bounded

by a very delicate membrane (PI. 12, figs. 14-16). In fixed

and stained specimens a delicate network can be made out in

it, but I believe this is due to fixation.

The relatively large nucleus thus formed therefore contains

within it a large nucleolus inside which is a micronucleus. I

propose to call this structure of dual origin the karyosome.
The nucleus does not long remain in this simple form. The

nucleolus becomes increasingly vacuolated and irregular in

shape, blunt projections which are ultimately "budded" off

being formed round the periphei-y (PI. 12, fig. 20). The

micronucleus also becomes much more vacuolated and irregular

in shape (PI. 12, fig. 21). At times the micronucleus seems

to bud off chromatin masses (PI. 12, fig. 22), but I have not

often observed this, and I am uncertain whether it is a

normal process or not. Finally the karyosome breaks up

and gives rise to a large, much vacuolated portion evidently

derived from the micronucleus, as it stains in much the same

way, and several less vacuolated, more palely-staining frag-

ments (PI. 12, fig. 23). These last disappear and the large

micronuclear portion breaks up into smaller particles (PI. 12,

fig. 24), which in turn give rise to still smaller fragments

chiefly by the growth of vacuoles in them and the budding

off of vesicles (PI. 12, fig. 25). In this way a large number

of vacuolated particles are formed in the nucleus, which has

all the time been increasing rapidly in size. These particles
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are of all sizes and shapes, but one or two fairly large and

regular pieces are always present. These larger portions

seem to be the reserve from which smaller fragments are

constantly being formed. There is thus a continual breaking

down of chromatin material going on within the nucleus.

At the commencement of the fragmentation of the karyo-

some the cytoplasm is much vacuolated and contains no reserve

food-granules. It stains very palely. After the process of

chromatin disintegration has been going on for some little

time, the cytoplasm round the nucleus begins to stain more

deeply in a patchy fashion. Chiefly within the more darkly

staining areas of cytoplasm, but also to a slight extent all

round the nucleus, small spherical bodies begin to appear

(PL 12, fig. 26). These are reserve food-granules. They

increase rapidly in number and size, until the whole parasite

becomes packed full of them, so that the cytoplasm almost

disappears from view, remaining only as an extraordinarily

delicate network between the food-granules.

AVhile these nuclear changes have been going on the parasites

generally associate in pairs. This usually takes place before

the formation of food-granules, but there does not seem to be

any very fixed time for it. Apparently any two parasites may
associate, and there are no visible diffei'ences between the

members of a pair. At first they lie together, touching only

at a small point (PI. 12, fig. 10), but as the organisms grow

larger the surface at the point of contact becomes flattened

and correspondingly increased in size. When first they unite,

sections show the walls at the edges of the area of contact

pressed closely together, and in the middle region fused

(PI. 13, fig. 30). Later the fusion becomes more complete,

and one sees a slight thickening all round the circumference

of the area of contact and fusion (PI. 13, fig. 31), while the

centre of this area is very thin. There is no thick cyst-wall

formed round the two parasites, but the thickening at the

circumference of the area of fusion and the presence of a

delicate membrane round the two associates may correspond

to the cyst-wall of other gregarines.
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It may be noted here that not infrequently solitary forms

of Diplocystis schneideri are met with. These are fre-

quently quite large, but they never complete their develop-

ment. They are. usually found in cockroaches which are not

heavily infected with parasites. Occasionally, too, the young

parasites make their way inside older ones, but they never

advance beyond a verv earlv stage in development (PI. 13,

fig- 29).

The parasite has now completed its growth in the gut-wall,

and as it increases in size it bulges into the body-cavity

(PI. 13, fig. 27). Finally the basal membrane ruptures and

the parasites become free in the body-spaces of the host. It

may happen that as the parasite grows in size it bulges more

into the gut than into the body-cavity (PI. 13, fig. 28), and it

is thus possible that some at least may fall into the gut, and,

passing to the outside, fail to complete their development.

E. Growth in the Body-cavity.

It will be well at this point to describe a typical Diplo-

cystis pair. The two associates are approximately equal in

size (PI. 12, fig. 1). They are rounded in outline with the

surface of contact between the two flattened. Each pai*asite

is surrounded by a delicate membrane (PI. 13, fig. 31) outside

which is a well-marked wall. This wall, which is practically

absent in the area of fusion between the parasites, is alveolar

in structure (PI. 13, fig. 31). To the outside of this again

there is another very delicate membrane surrounding the two

associates and not running into the partition between them. In

a section one can see very clearly the thickening which fills

the triangular space between the wall of each parasite and the

outer membrane at the circumference of the area of contact.

Each parasite i.s filled with spherical food-granules. These

stain with luvmato.xylin ; they are coloured brown in iodine

solution, turning purple on the addition of sulphuric acid; they

are soluble in strong, but insoluble in dilute mineral acids, in

acetic acid and in alcohol. Judging by these reactions the
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granules can be called paraglycogen, but that does not really

throw much light on what they are. It is very difficult to

see the cytoplasm among the crowd of reserve food-stuff.

The nuclei are relatively large and much alike in the two

associates. The nuclear membrane is delicate, and chromatin

is present in vacuolated " karyosomes " and small particles

(PI. 13, figs. 32 and 33). All through the nucleus is an

irregular network—perhaps caused by fixation—and on this

network there is a fine dust of chromatin. The appearance

of PI. 13, figs. 32 and 33, is very characteristic. The larger

chromatin particles occupy roughly the centre of a circular area

in which the irregular linin network can be seen, while round

the periphery of the circle are the small chromatin particles,

and outside this again is the network sprinkled with the chro-

matin dust. These appearances suggest that the larger pieces

are giving off smaller portions, which in turn break down into

the finest particles. The number of large " karycsomes " is

very variable. Sometimes there is only one, sometimes there

are several, but I have never seen them absent altogether.

The parasites grow in the body-cavity. How long they

remain there before proceeding to gamete formation I am
quite unable to say. They pass gradually from the vegetative

to the reproductive phase so that it is impossible to draw any

line between the two stages.

F. The First Nuclear Division of the Adult
Parasite (Gamont).

'I'he first indication of nuclear division is a decrease in the

number of small, irregular chromatin fragments in the nucleus.

This is accompanied hy an increase in the amount of fine

chromatin dust (PI. 13, fig. 34). At the same time one notices

that the karyosomes are represented by regular, delicate,

vacuolated vesicles, one of which is usually larger than the

others. During this stage, and indeed for some time previous

to it, the outline of the nucleus in fixed specimens is very

irregular. This is due, I believe, to the nature of the contents
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of the cyst—a large, relatively soft nucleus with a very deli-

cate wall surrounded by a mass of hard food-granules with

very little cytoplasm among them.

In giving an account of the first division of the nucleus it

is unwise, I think, to do more than indicate the different

phases found and to describe these as separate stages. No
one has yet been so fortunate as to obtain in any Gregarine

a series of figures complete enougli to give a detailed descrip-

tion, and no little obscurity is caused by glossing over gaps

instead of admitting them.

Prophases.—I have found only five early stages in the

first division. They are shown in PI. 13, figs. 35-41. PI. 13,

fig. 35 shows a nucleus in which, apart from the discrete chro-

matin dust, there are eight tiny particles of chromatin, each

composed of one, or at most two, tiny vesicles. At a point on

the periphery ^ there is seen a single small aster. It will be

noted that the nuclear wall at this point has broken down.

PI. 13, fig. 36 shows the aster more highly magnified. The

rupture in the nuclear membrane has allowed some of its con-

tents to escape, and the aster is lying in the middle of this area.

The aster has a dense centre with a rather diffuse outer zone.

PI. 13, fig. 35, is the only specimen I have which shows

several small chromatin vesicles, for usually there is only one

large one (PI. 13, figs. 37-40) . PI. 13, fig. 39, is typical. There is

a laro-e, very delicate chromatin vesicle seen in optical section.

It will be noted that the wall of the vesicle is very thin in one

hemisphere while the opposite hemisphere is thicker and

•vacuolated. PL 13, fig. 37, shows a surface view of a similar

karyosome in which the thicker-walled hemisphere is budding

off a vesicle. In PI. 13, fig. 39, too, there is seen an aster which

' Fig. 35 has been reconstructed from seven sections. In the figure

a small lighter area is seen. This represents a very small " shaving
"

that has been sliced off the nucleiis and which is actually in an eighth

section. To the right-hand side of this clear area is seen the tiny aster.

The nuclear wall is there broken down. It is to this point on the

periphery of the small area that I refer, not, of course, to a point on

the extreme circumference of the nucleus.



THE CHROMOSOME CYCLE OF GREGAEINES. 223

is actually dividing into two, but as this is viewed from above

and can only be found by focussing up and down, it is impossible

to represent it in a drawing. Here again it will be noted

that the aster is lying in a small mass of nuclear material

which has protruded through the broken nuclear membrane.

Here I may refer to PL 13, figs. 38 and 40. PI. 13, fig. 38,

does not seem to fit into any normal series, for here we have

two asters lying some little distance apart. They are outside

the nucleus, but are actually lying in nuclear material which

has evidently been extruded through the broken nuclear

membrane. A rather solid-looking karyosome is seen near the

nuclear membrane, and there are four food-granules lying

beside and between the asters. PI. 13, fig. 40, shows an aster

lying wnthin the nucleus and close beside a karyosome. It

is, of course, impossible to say whether the aster has moved

inwards from the periphery to this position or whether it

originated there.

In PI. 13, fig. 41, the origin of the chromosomes is seen.

There is a single large "karyosome" in the nucleus, and near

the periphery a single aster lying beside a small vesicle of

chromatin from which the chromosomes are being derived.

PL 14, fig. 42, is a more highly magnified picture of this

vesicle showing the origin of the chromosomes. It will be

seen that the "vesicle" really consists of one larger and two

very tiny ones. Three chromosomes are lying above the

vesicles. One of them is a slightly twisted beaded filament,

and the other two are straight beaded filaments. At one end

of each of tiiese two there is a round globule of chromatin.

The aster lies slightly beneath the chromatin vesicles. There

are two vacuoles present Avliich bulge out the nuclear wall, as

if about to burst it.

jMetaphase.—My preparations contain only onemetaphase

stage. This is figured in PL 14, fig. 43. The asters are large,

with a rather small spindle between, on which the three globular

chromosomes are dividing. Two vacuolated fragments of

chromatin are lying on the achromatic figure. The division is

taking place in debris of the now disintegrated nucleus.
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The form of the chromosomes is to be particularly noted.

In PL 14, fig. 42, they are seen to be filamentar, two of the

filaments liaving thickened ends. It is evident that the chro-

mosomes arise as filaments and then become condensed into

spherical bodies. A difference in size is noticeable among
the chromosomes : the right-hand pair is largest, the middle

one intermediate and the left-hand one smallest.

Anaphases.—I have found several anaphases but they

are all late. A typical one is shown in PI. 14, fig. 44. The

tAvo sets of three daughter-chromosomes have retreated to

the poles of the spindle and now lie close up against the

asters Avith a stout centrodesmose connecting the two groups.

The size difference in the chromosomes is still evident. It

will be noted that as the daughter-chromosome groups have

moved apart the spindle has lengthened so that the asters

now lie farther apart than in the metaphase.

Telophases.—In the late anaphases a vacuole can be

seen forming round the chromosomes, and this is un-

doubtedly the first sign of the reconstruction of the nuclei.

Unfortunately my preparations show no stages between these

late anaphases and the late telophase shown in PI. 14, fig. 45,

in which the two daughter-nuclei are fully formed. In each

there is a single kar^'osome and a small amount of chromatin

arranged in tiny particles on the nuclear wall and on the linin

network. The distance between the two daughter-nuclei is

now very considerable. All trace of the primary nucleus

has disappeared and the nuclei lie freely among the food-

granules. In these young, nuclei the asters are still large.

PI. 14, fig. 46, shows an older nucleus from the first division.

It has increased greatly in size, those shown in PI. 14, fig. 45,

being about 5^ in diameter Avhile this one is about 8'6 /j,

but the aster is relatively smaller and much more condensed.

It persists through the resting stage in this somewhat concen-

trated form on the outside of the nucleus.

G. The Later Nuclear Divisions.

Second and third divisions are not abundant in my prepara-



THE CHROMOSOME CYCLE OF GBKGABINES. 225

tions. PI. 14, figs. 47 and 48, show a metaphase and an

anaphase of the second division. Division is taking place in

a little web of cytoplasm stretched between the rays of the

asters. The three chroriiosomes are still almost spherical

bodies. Three stages of the third division are represented

in PI. 14, figs. 49 to 51—an equatorial plate, an early

anaphase, and a late anaphase respectively. The chromo-

somes are filamentar in the first two, but in the third are

stumpy rods. The asters are very large and striking. Three

chromosomes are present throughout.

Of the fourth and fifth divisions I have very many stages

although the early prophases are rather rare. The aster

divides into two (PI. 14, fig. 52). The chromatin becomes

divided into fine particles which distribute themselves over

the linin network (PL 14, figs. 53-55). PI. 14, fig. 53, is

peculiar. The chromatin seems to be given off from the

karyosoine, travelling outwards from it along a very definite

line. The very loose and ii-regular spireme which is thus

formed (PL 14, fig. 55) condenses and segments to form three

filamentar beaded chromosomes (PL 14, fig. 56). Fibres from

the two asters invade the nucleus and come into relation with

the three chromosomes (PL 14, fig. 57). A spindle is thus

formed, with the chromosomes on the equatorial plate, and
the nuclear wall disappears (PL 14, fig. 58). The three

chromosomes split longitudinally (PL 14, fig. 59), and then

move along the spindle towards the poles (PL 14, fig. 60),

while at the same time the two asters draw apart (PL 14,

fig. 61). When the chromosomes reach the poles of the

spindle they move riglit to the heart of the asters and a

vacuole begins to form round them (PL 14, fig. 62). The
chromosomes shorten and become thick at the ends as they

lie within the vacuole, and ultimately give rise to several

small round chromatin masses (PL 14, fig. 63). Finally the

greater part of the chromatin becomes concentrated in a

single karyosome, a small amount being distributed in tiny

granules over the nuclear wall and on the linin network

(PL 15, fig. 64). A well-marked centrodesmose persists for
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some time during the telophases, but ultimately the daughter-

nuclei lose all connection with each other, the aster persisting

as in the case of the first division (PI. 15, fig. 65).

Owing to the manner in which the spindles lengthen during

division, the nuclei, as division progresses, become scattered

all through the body of each parasite. After about the fifth or

sixth division the nuclei begin to migrate towards the periphery.

H. The Peripheral Divisions Preceding Gamete
Formation.

The migration of the nuclei to the periphery is accompanied

by the formation of a peripheral zone of cytoplasm free from

food-granules. The nuclei on reaching this zone continue

dividing rapidly. At first the divisions are similar to the

earlier ones (PL 15, fig. 66), with the exception of the fact

that the nuclear wall persists longer. Three chromosomes

are present at each division, as before. The nuclei lie at the

very edge of the cytoplasmic zone. As divisions proceed the

asters disappear, and cones of attraction, into which the

daughter-chromosomes run and there reconstruct the daughter-

nuclei, are formed, projecting nipple-like from the periphery

(PI. 15, figs. 67 and 68). Later still, as the nuclei become

smaller, they project almost entirely from the surface. With

the decreasing size of the nuclei the chromosomes become

stumpy rods (PI. 15, fig. 69), and finally little spheres (PI, 15,

fig. 70) . Division now takes place entirely within the nuclear

membrane. A rough spireme is formed (PL 15,, fig. 71) which

gives rise to the globular chi'omosomes, lying on a spindle

which practically fills the nucleus (PI. 15, fig. 72), The

chromosome plates pull apart, and at the same time the spindle

pushes the nucleus out into an oblong-oval shape, with the

chromosomes at each end (PL 15, fig. 73). A division line is

formed down the middle of the old nucleus and two rounded

daughter-nuclei result lying close together (PL 15, fig. 74).

In this way the peripheral cytoplasm zone is soon furnished

with a dense pile of nuclei (PL 15, figs. 75 and 76). In the resting

nucleus the chromatin is in the form of a cap which covers its
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outer pole (PI. 15, figs. 74 and 76)jthe inner portion being quite

clear and structureless. Each nucleus is rather more than a

hemisphere, attached to the peripheral zone of cytoplasm

by a flattened surface.

I. The Formation of the Grametes.

By the time this stage has been reached the partition

separating the two associates has broken down. A consider-

able amount of the food reserve has disappeared, so that the

pai'aglycogen granules are not so tightly packed together.

The gametes are formed by the growth of the nuclei out-

wards from the peripheral layer of cytoplasm, the nuclei

drawing out behind them a spindle-shaped body of rather

vacuolated protoplasm. The nucleus of the gamete thus lies

at the outer or anterior end. The posterior end remains

attached to the peripheral cytoplasm zone at first by a thick

neck, but as the gamete continues to grow the attachment

becomes more slender, until it resembles rather a fine stalk or

tail (PI. 15,fig. 77). The nucleus becomessinallerin size,and the

chromatin, which was at first in the form of a cap, becomes
more distributed over the nuclear wall and linin network,

which has now appeared. The anterior end of the gamete

becomes pointed, but it is much more obtuse than the tapering

posterior end.

When the gamete is fully formed the attaching stalk becomes

exceedingly slender, and, severing its connection with what
remains of the peripheral cytoplasm, forms a short, slender

"tail"—it can scarcely be called a flagellum (PI. 15, fig. 78).

The fully-formed gamete is club-shaped, with its nucleus lying

in the pointed anterior end. The nucleus is large, and contains

a considerable amount of chromatin arranged in granules

round the periphery and on an achromatic net. The gametes

of the two associates appear to be exactly alike.

J. The Union of the Gametes.

The gametes now unite in pairs. It may be noted that it

appears as though there was a migration of gametes from one
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associate into the other, because conjugating gametes are

found more abundantly at one end of the cyst than at the other.

They first become united by their cytoplasm, later drawing in

the tail portion andbecoming rounded up (PI. 15,figs.79and80).

Complete fusion of the cytoplasm then takes place, resulting

in the formation of a zygote with the two gamete-nuclei

lying in its cytoplasm (PI. 15, fig. 81). The chromatin granules

of the nuclei then draAv away from the nuclear membranes
and collect in the middle of the nuclei (PI. 15, fig. 81), which at

first lie close together, but ultimately fuse. Within the zygote

nucleus thus formed the two little clumps of chromatin

granules are at first separate (PI. 15, fig. 82), but later they

unite to form a large mulberry-like karyosome (PI. 15, fig. 83)

which contracts subsequently to form a more compact body

(PI. 15, fig. 84). The zygote is now a sporoblast.

K. The First Division (Reduction Division) of the

Sporoblast Nucleus.

The karj'osome commences to break up. Round particles

are given off from it, which seem to move outwards along the

achromatic strands towards the periphery of the nucleus (PI. 15,

fig 85). The chromatin particles become arranged on a long

thread coiled round the inside of the nuclear wall (PI. 15,

fig. 86). The particles are at first of two sizes—large particles

and much smaller ones. The chain then begins to contract to-

wards the centre of the nucleus and the particles become more

uniform in size (PI. I5,fig. 87), until finally a spireme is formed

like a coiled string of beads (PI. 15, fig. SS). The spireme con-

tracts into a tangled knot towards one side of the nucleus, which

is frequently drawn out into a long oval at this stage (PI. 15,

figs. 89-91). Then the knot begins to open out (PI. 15, fig. 92).

As the tangle becomes less obscure one can see that the spireme

during this synapsis has become divided into six chromosomes

(Fl. 15, figs. 93-95). These are as a rule rather difficult to

make out, PI. 15, figs. 93 and 94 being typical. PI. 15,

fig. 95, in which the chromosomes are widely separated, is not

common. The chromosomes are in two sets of three—two
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long, two intermediate, and two short, the last two pairs being

very nearly equal in size.

A very faint indication of a spindle arises within the nucleus

(PI. 15, fig. 96), and the chromosomes separate into two homolo-

gous groups of three, and then move to the opposite poles of the

spindle (PI. 15, fig. 97). The daughter groups move apart

until they reach opposite poles of the sporoblast (PI. 15,

fig. 98), and at the same time the chromosomes shorten

and thicken. A vacuole arises around them, andtwo daughter

nuclei ai'e reconstructed, the chromosomes condensing to

form a large karj^osome in each (PI. 15, fig. 99).

L. The Later Divisions within the Spore.

Owing to the small size of the nuclei the final divisions in

the sporocyst are difficult to make out in their earlier stages.

The two daughter-nuclei form spiremes by the breaking up

of the karyosomes (PI. 15, fig. 100), and then give rise to three

chromosomes which divide to form daughter-groups (PI. 15,

figs. 101-103). The chromosomes are short rods. Four

daughter-nuclei are reconstructed (PI. 15, fig. 104). These in

turn give rise to rough spiremes (PI. 15, fig. 105), each forming

three globular chromosomes which again divide (PI. 15,

figs. 106-108), and eight nuclei thus result.

The sporozoite nuclei are formed from the eight nuclei of the

sporoblast. The cliromatin is first peripheral!}^ placed (PI. 15,

figs. 110 and 111)\ but it becomes concentrated more and

more into two granules which lie one at each end of the oval

nucleus (PI. 15, figs. 109 and 110). The cytoplasm in the

sporocyst becomes divided, in the usual way, into eight sporo-

zoites round the eight nuclei.

The formation of the spore-wall is difficult to make out in

stained preparations mounted in balsam. It is evident in the

late eight-nucleate cyst and appears to begin to form during

the last division.

' These two figures, containiiif^ only four nuclei and rather smaller in

size, are '" chips " of rather longish oval sporoblasts in the eight-nucleate

stage.
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Part II.

—

The Xuclear Phenomena described in other

Gregarines, considered in the Light of the Foregoing

Observations on Diplocystis.

A. General Eeniarks.

Having described the behaviour of the nuclei during the

life-cycle of Diplocystis schneideri in so far as I have

been able to investigate it, I wish now to compare my findings

with those of other workers in the same field. Unfortunately

most of the work on gregarine life-histories is extx-emely

scrappy. So far as I know, no worker has up to the present

attempted to follow in detail the behaviour of the nucleus

through every stage in the life-cycle of any Gregarine. On
some points, such as the question of the similarity or dissimi-

larity of the gametes, our knowledge is very full, but on the

majority of questions that seem to me to be of interest and

importance the information available is lamentably scanty,

I sliall therefore attempt to combine all the scattered obser-

vations, and so construct a more or less connected account of

the gregarine nuclear cvcle.

In reviewing this work it will be unnecessaiy to pay any

attention to the papers published prior to 1899, in which year

Siedlecki's most excellent account ofLankesteria ascidi^
appeared. This investigation outlined the course of gregarine

development in a masterly fashion and left only the details to

be filled in. During the twenty succeeding years many
papers on Gregarines have been published, but with certain

outstanding exceptions they have not advanced our know-

ledge of the subject from the position in which Siedlecki left

it. I have read, I believe, all the papers published on grega-

rines during these years, and if I do not refer to some it will

be because they contain little or nothing of importance.

As the Schizogregariues are so very imperfectly investi-

gated I have confined my attention to the Eugregarines.

These form a very homogeneous group, and I believe that
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when they have been more fully studied their life-cycles will

be found to be of a very uniform type. At all events a com-

parison of the extremely imperfect records at present avail-

able shows far more of resemblance than of difference.

B. The Early Development of the Nucleus.

Very little attention has been paid by most Avorkers to the

early stages of gregarine development. Leger and Duboscq

(1902 and 1904) have investigated a number of different

forms, but no one of them has been studied in much detail.

In all cases the sporozoite nucleus is of the type described for

D. schneideri, with peripheral chromatin concentrated in

two, usually polar, caps. A single central karyosome is

subsequently formed in a wa}' which is not cleai-ly described,

but the final result is that the peripheral chromatin dis-

appears, being apparently transferred from the periphery to,

the karyosome. The karyosomes thus formed are frequently

composed of two parts. Thus in Stylorhynchus oblon-

gatus and Pyxinia mobiuszi there is a central more
deeply-staining area, just as in Diplocystis schneideri.
In Diplocystis major the same thing is found, their fig. 8

(Leger and Duboscq, 1902) being remarkably like my PL 12,

fig. 21. In connectioii with this apparently dual nature of the

karyosome in gregarines it may be noted that Hesse (1909)

mentions certain species of Monocystis which show the same

sort of tiling.^ I would call attention particularly to figs. 132

and 135 in Hesse^s work, showing the nucleus of Rhyncho-
cystis pilosa with a karyosome having in its middle "une
masse irreguliere, vacuolaire, fortement coloree par le fer."

The only account which gives a detailed description of the

origin of the karyosome is that of Schellack (1907) for

Echinomera hispida. Here the sporozoite nucleus is

unlike that of most other gregarines, its chromatin being

more or less evenly distributed around the periphery. A
thickening of chromatin then appears at some point on the

' " En generale, le karyosome est vacuolaire, et il prcseute a sa

surface une crovite dont la coloratiou diftere de celle de la ruoelle."
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periphery, and in close connection with this a small internal

vesicle arises, into which the chromatin o£ the thickening

migrates in the form of small particles. The vesicle finally

becomes completely filled with chromatin and stains a uniform

deep black with iron-hsematoxylin.

The evidence before ns is not abundant, but there is

enough to show that in young gregarines the karyosome is

not a simple structure. As a rule it contains within it a

chromatin body which I have called the micronucleus. The

karyosome, further, is formed within the young nucleus in a

peculiar fashion. In Diplocystis schneideri a plastin

nucleolus first arises, and later the micronucleus migrates into

its interior. It is possible that Schellack's vesicle is also a

nucleolus of this sort, and that more delicate staining would

reveal that his " karyosome " is not a homogeneous, deeply-

staining body, but contains, as in many other gregarines, a

micronucleus which migrates into the nucleolus in small

particles—as described by Schellack—from the peripheral

chromatin thickening.

The true interpretation of the structure and dual origin of

the karyosome cannot yet be given. I have called the

chromatin body within the karyosome a micronucleus because

I believe that it contains the chromatin from which the

chromosomes of the first division are derived. Owing to the

fragmentation of the kai'yosome it has been impossible in

Diplocystis to follow the history of the micronucleus con-

tinuously from its origin to the formation of the chromo-

somes, but, as I have noted above, there is a hint of continuity

in the regular chromatin vesicles which are always to be

found in the nucleus among the irregular fragments of karyo-

some debris. An investigation of some gregarine in which

the karyosome does not fragment so earh^ or so completely as

in Diplocystis would probably yield important results.

I am confirmed in this interpretation by the evidence afforded

by Aggregata eberthi. This coccidian^ has been inves-

' Dobell (1914) has shown tliat Aggregata is a coccidian and not a

gregarine.
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tigated in its asexual cycle in the crab, Port anus depu-

rate r, by Leger and Duboscq (1908). In this they describe

the formation, in the nucleus of the young schizont, of a

plastin nucleolus beside which there arises a condensation of

chromatin. This karyosome, as the authors call it, makes its

way inside the nucleolus and gives rise to " un veritable

noyau intranucleolaire qui constituera la couche medullaire

du nucleole." My friend Mr. Clifford Dobell, F.E.S., has

shown me his beautiful preparations and unpublished draw-

ings of Aggregata eberthi, and he has most kindly

allowed me to make the following statement about them.

The "karyosome" is formed, much as Leger and Duboscq

describe it, not only in the asexual cycle but also in the

young male and female forms. The most interesting point,

however, is that the chromosomes are eventually formed— in

both the sexual and asexual forms—from the micronucleus,

which gives off into the nucleoplasm the material from which

the chromosomes of the first nuclear division are directly

derived.

c. The Behaviour of the Nucleus in the Later
Vegetative Stages.

In most Gregarines the chromatin of the nucleus is con-

centrated, during the early stages, in a single karyosome. A
small quantity of chromatin may be present in the form of

granules on the linin network, but it is never abundant and

may be absent. In many forms the karyosome fragments

early in development, while in others it seems to remain

unfragmented until just before the first nuclear division.

The various accounts of the fragmentation or multiplication

of the karyosomes differ somewhat in details, but on the

whole it may be said that the process is one of budding

accompanied in' many cases by vacuolization. The small

karyosomes thus formed seem to increase in size and give

rise to others in the same fashion. Eobinson (1910) has

given a short account of a rather different phenomenon in
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Kalpidorhynclius areiiicolae. Here the karyosome is

said to be hollow and buddino- takes place into its interior,

the young karyosomes escaping later into the nucleoplasm

through a temporary micropyle. Robinson points out that

Leger and Duboscq describe a similar method of budding in

Aggregata,^ but Kalpidorhynclius is the only case so

far described among the Gregarines. It is an organism Avhich

would repay careful study. Schellack (1907) claims that in

Echinomera his pi da the karyosome multiplies in a

peculiar manner :

'"' Im Innern des grossen Einzelkaryosome

die helle Grundsubstanz wieder melir hervortritt, das vorhand-

ene Chromatin sich zu Kugeln zusammenballt und schliess-

lich austritt, wobei der farblose Restkorper mehr oder

weniger vom Chromatin befreit zuriickbleibt.'^ Judging by

the figures, this seems to be nothing different from the disin-

tegration by budding and vacuolization described above.

In Gonospora testiculi, Treg'ouboff (1918) found that

at an early stage in development the karyosome was hollow,

containing a clear vacuole in its centre. The contents of the

vacuole were expelled into the nucleoplasm later and there

gave rise evidently to a micron ucleus. Leger and Duboscq

(1911) have observed a similar phenomenon in Porospora
portunidarum .

The karyosome in gregarines is undoubtedly the centre of

many activities. For aught we know it may preside over

all the vital functions of the organism, but it gives no clear

indication of this. The extraordinar}^ account given by

Drzewecki (1904, 1907) of the waxing and Avaning of the

nucleus and the corresponding building up and breaking

down of amyloid bodies must be regarded with tlie greatest

suspicion. Hesse (1909), however, has shown that " during

the course of the vegetative life, the kaiyosome seems to be

1 It is difficult to understand how the budding could take place in

Aggregata, for the interior of the karyosome is occupied by the

micronncleus. Mr. Clifford Dobell tells me that in Aggregata the

buds are really formed on the outer side of the karyosome, and not

internally.
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the seat of numerous metamorplioses, and plays an important

part in the vital manifestations of the nucleus." As far as

one can judge from Hesse's descriptions and figures the

karyosome does not appear to be altered to any very great

extent during most of these changes^ evidently a change in

staining reaction being the most noticeable.

In the early stages there is, howevei", one important period

during which—in Diplocj'stis schneideri at all events

—

the karyosome gives very clear proof that it is connected

closely with an important vital function. 1 refer to the

formation of reserve food-granules. ^Vhile the kai'vosome

is single and unfragmented there are no food-granules

present in the cytoplasm ; but soon after the process of

fragmentation has begun food-granules begin to appear

round the nucleus. In the work of Hesse (1909) evidence

of a similar though less striking sort may be found. For

example, in Monocystis agilis and Stomatophora coro-

nata granules are given off by the karyosome, and they

seem to make their way out of the nucleus into the cyto-

plasm and there play an important part in the synthesis of

food-granules.

These phenomena must not be confused with the so-called

^'chromidia" which have been frequently described in the

vegetative forms of various gregarines. By a careful investi-

gation of Stylorhynchus longicollis and Stenophora
juli, Comes (1907) has shown that these bodies are not nuclear

in origin, but are formed in the cytoplasm as the result of

various metabolic processes.

D. The Behaviour of the Xucleus durino*

E e p r o d u c t i o n .

Whatever the behaviour of the karyosome may be during

the vegetative life of gregarines, there is no little uniformity

in the processes which precede the reproductive phases. This

period is practically always introduced by the disintegration

of the karyosome or karyosomes. There is thus formed within
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the nucleus a large quantity of chromatin debris in fine

particles and small, usuall}' vacuolated, fragments. In all

cases which have been adequately investigated an achromatic

fiofure is formed and division proceeds in the ordinarv mitotic

fashion.

It may be well at this point to note that there are a few

cases on record in which mitosis is said not to occur. All of

these accounts are obviously founded on the misinterpretation

of poor material, but as they have been made the occasion

for the revival of the " generative chromidia " hypothesis in

gregarines it will be necessar}' to consider them briefly.

Berndt (1902) describes in Gregariua cuneata, Gr. poly-

morpha and G. steini a process whereby the chromatin

becomes distributed round the periphery' of the nucleus in

a very finely granular form. The nucleus itself becomes

very irregular in outline ("flame structure"). Its membrane

disappears, and the chromatin is then set free in the cytoplasm

in little masses which migrate to the periphery of the orgnnism,

multiplying in a " primitively mitotic " fashion as they go.

Kuschakewitsch (1907), for the same g-regarines, describes

a still more wonderful history, in which the nucleus seems to

dissolve away completely, and there then arises round the

periphery of the cyst a layer of cytoplasm which stains deeply

with chromatin stains, and within which grains of chromatin

appear and finally give rise to many nuclei. An inspection

of the figures which illustrate these papers is sufficient to

convince one that all the material on which these results are

based was extraordinarily badly fixed and stained. The mere

fact that the "flame structui-e" of the nucleus was taken to

represent a normal stage in development seems to me suffi-

cient to make one regard the work with doubt; for despite

the fact that Drzewecki (1903) claimed to have seen this

appearance in a living nucleus, I believe it is produced by

the action of fixatives on the nuclear wall, which becomes

very thin prior to disintegration. As Cuenot (1901) has

pointed out :
" Les Gregarines sont tres difficiles a bien fixer,

le noyau se deforme avec la {)lus grande facilite et prend un
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aspect irregulier (noyau flamme de AVolters)." If a badly

fixed or degenerate nucleus is taken as an important stage in

development, disaster is bound to follow.

Fortunately Leger and Duboscq (1909) have investigated

a number of species of the genus Gregarina, including

Gr. polymorpha, and in every cuse they have seen early

nuclei dividing by mitosis. Further, we have Schnitzler^s

(1905) account of Clepsydrina (Gregarina) ovata, in

which he describes a typical mitosis for the first nuclear

division. It is unlikely that within the same genus there

would be two totally difi^erent methods of forming the gamete

nuclei.

Swarczewsky (1910) describes, in Lankesteria sp., a

process of gamete-nuclei formation which is almost identical

with that described by Kuschakewitsch for the meal-worm

gregarines. The figures published with the paper are quite

as remarkable as those of Kuschakewitsch, and when one

learns that the material was obtained from Turbellarians

collected by an expedition to Lake Baikal—evidently no

special care having been taken in fixing the Avorms so as

to preserve adequately the contained parasites—one is not

surprised at the unfortunate results. It is only astonishing

that such material should have been regarded as adequate

for an investigation requiring the most careful cytological

technique. Here again we are fortunate in having a good

account of the behaviour of the nucleus iu another member
of the same genus. Siedlecki's (1899) account of Lankes-
teria ascidias traces the nuclei from the first division to

gamete formation, and in every stage typical division figures

are found.

Swarczewsky (1912) has attempted to argue that all

gregai'ines form their gamete nuclei by a process of chro-

midia formation, the difference between the findings of

Kuschakewitsch and Swarczewsky and those of other workers

being " more of a quantitative than of a qualitative character."

On the one hand many nuclei are formed from a chromidium
;

on the other only one nucleus is so formed. As Ave have seen,
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the supposed origin of the many nuclei from a chromiclium

is the result of studying- degenerate and badly-fixed material,

while the "chromidium" from Avhicli the single nucleus is

supposed to be derived is merely nuclear debris. The

question of generative chromidia—at least for the Eugre-

garinffi— does not really exist. It has been based on error

and ought never to have been raised.

Putting on one side, then, these obviously faulty observa-

tions/ we are left with some nine or ten cases in which a

typical mitosis has been observed. The first nuclear division

is probably the most difficult stage to study in a gregarine

life-cycle. It is extremely difficult to find sufficient material

to illustrate the various nuclear phases leading up to and

culminating in the division of the primary nucleus ; and

when any stages are found they are frequently obscured by

the debris from the disintegrating karyosomes. In con-

sequence of this, very imperfect accounts of the first nuclear

division are given by different workers. Further, when

material is scanty there is always the temptation to make the

most of itj and to attempt to construct a " series " from only

two or three doubtful stages. Palaeontologists may be able

to reconstruct an extinct monster from a few fragments of

skeleton, but it is not advisable for protozoologists to adopt a

like method. A gregarine life-cycle is not knoAvn from the

nuclear divisions which precede gamete formation, nor can

the division of a nucleus be adequately described when all

the available material shows perhaps only one or two very

problematic prophases and an odd metaphase or late ana-

phase. I am far from under-estimating the difficulties which

' Another erroneous case may be mentioned. Woodcock (1906), in

his ixiper on Cystohia irregularis, believes that the early divisions

are amitotic. In proof of this a very poor and meaningless figure is

pul;)lished showing two bodies, presumal)ly nuclei, connected by a short

strand ; and we are told that in an individual containing " about thirty

daughter-nuclei of the fourth generation," one nucleus of the previous

generation was thought to be in the last phases of an indirect division.

Such evidence does not carry conviction.
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attend tlie study of gregarine life-liistories, but I cannot

help thinking that if a lai-gei* amount of better matet-ial

had been carefully examined in certain cases, very different

results would have been obtained.

The only accounts of the origin of the first division figure

that are at all satisfactory are for members of the Acephaline

gregarines. It is extremely unfortunate that we know so

little of the early development of the Cephaline forms. For

these there are but five accounts of the early nuclear pheno-

mena—Clepsydrina (=Gregarina) ovata by Schnitzler

(1905) and Schellack (1912), Echinomera hispida by

Schellack (1907), Xina gracilis by Leger and Diiboscq

(1903 and 1909), and Metamera schubergi by Dnke

(1910). Of all these examples, moreover, only in Metamera
schubergi has the investigator been able to find more than

one or two stages. Thus Schnitzler figures two very early

prophases and two metaphases in Gr. ovata; Schellack, for

E. hispida, one very early prophase and one metaphase,

while for G. ovata he merely confii-ms and cori-ects the

scanty observations of Schnitzler ; Leger and Diiboscq four

^' stages ^^ in X. gracilis, the interpretation of which is

doubtful, and which will have to be considered later.

On the other side, some of those who have woi-ked on the

Monocystid gregarines have been more successful, and have

obtained, if not complete series of stages, at all events a fair

number of representative ones. For practically all our know-

ledge of the origin of the achromatic figure and the chromo-

somes of the first division we shall be compelled to resort to

the members of this group.

Let us first consider the origin of the achromatic figui'e.

Following the disintegration of the karyosome the next step

in the process of division is the appearance of an achromatic

figure. As a rule this arises at the periphery of the nucleus

as a single, round, achromatic body or aster. Mulsow (1911)

always found two asters in Monocystis rostata, and

thought it probable that they arose independently and not

by the division of one into two ; but it seems most likely that
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lie failed to discover the earliest stages. At all events,

Cuenot (1901) and Brasil (1905), who also studied species of

Monocystis, found a single aster which later divided into

two. In Diplocystis schneideri this is also the case,

and there is a hint of the same sort of thing in Echinomera
hispida, as described by Schellack (1907). In Metamera
schubergi Duke found that a large achromatic mass

appeared inside the nucleus, and gradually became striated

and formed a spindle without asters, but all the early nuclear

development of this gregarine seems very peculiar. In the

various members of the genus Monocystis the asters seem

to arise on the outside of the nuclear membrane. In Diplo-

cystis schneideri the origin of the aster seems to be at

the periphery of the nucleus, near the spot where the nuclear

wall begins to break down, but always in nuclear material.

It seems probable that the achromatic figure is alwaj's of

nuclear origin, for in the cases in which it does not arise

inside the nucleus or in nuclear material it is closely applied

to the outside of the nuclear wall.

There has been some discussion as to the presence or

absence of a centrosome or centriole diiring the first nuclear

division. The question is one to which I myself do not attach

much importance, for I believe that " the centrosome is but a

subordinate part of the general apparatus of mitosis and one

which may be entirely dispensed with" (Wilson, 1906). The

evidence on this point is most conflicting. Some authors

—

e.g. Hesse (1909) for Stomatophora coronata, and

Leger and Duboscq (1902) for Sty lorhynchus longi-

collis—have supposed that a granule found in the cytoplasm

near the nucleus, even in very young individuals, represents

a centriole; but I think the assumption has little to be said

for it. These deeply-staining grains have not been shown to

take any part in the division of the nucleus, and behaviour

during division is, after all, the only test of a centriole. In

the descriptions aud figures which we now have of the actual

division stages, nothing definite is to be found. ThusMulsow

(1911) could demonstrate no centrosome in the asters of
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Monocystis rostrata; indeed, the presence or absence of

an aster seemed to him to depend on fixation, so that one

might even doubt the quality of his material and cytological

technique. In Diplocystis schneideri I have found no

trace of a centrosome, and in the later divisions at the

]ienphery even asters are absent. On the other hand, in

Diplocystis major Cuenot (1901) found lai-ge, massive-

looking centrosomes. Schnitzler (1905) in Clepsydrina
-ovata found centrosomes but no asters. Brasil (1905),

unlike Mulsow, found very definite centrosomes in all species

-of Monocystis which he studied. Finally Duke (1910) found

in the first divisions of Me tamer a schubergi neither aster

nor centrosome, although in the later divisions both were

present. On the whole it seems to nie most probable that in

gregarines the centrosome is no very definite organ, and its

presence in preparations may be dependent to a great extent

on the fixative and stain used.

This much inav then be said about the achromatic fiorure.

It arises on the periphery of the nucleus, and is most probably

nuclear in origin. The original single aster or centrosome or

attraction cone—whatever it may be, and whatever one cares

to call it—divides into two, and so forms a spindle. The
substance of the achromatic figure persists from generation

to generation in the form of a daughter-aster, which remains

usually on the outside of each daughter-nucleus during its

period of reconstruction and rest, and gives rise in turn to

two daughter-asters and a new spindle at the next division.

The origin of the chromosomes is a much more interesting

and important question. Leger and Duboscq (1909) express

the opinion that the method of formation of these varies

according to the species of gregarine, there being at least

two possibilities : (1) the first division figure may derive its

chromosomes directly from the chromatin of the primary

nucleus, or (2) a micronucleus may first be formed from which

the chromosomes arise later. Such evidence as we possess

does not, I think, support this second view. As we shall see,

the few cases which have been at all adequately studied show
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the formation of the chromosomes from a certain portion of

the chromatin of the primary nucleus, without the inter-

mediate formation—at this stage—of a micronucleus.

Let us first consider the '^ micronucleus." The word has

been used very loosely. Cuenot (1901) originally gave the

name " micronucleus " to " des grains ou de courts filaments

groupes en un petit amas " in Monocystis; but when

writing of Diplocystis he applied the same term to a fully

orsranized small nucleus. It is, I believe, to this latter kind

of " micronucleus '' that Leger and Duboscq apply the name^

for they both figure and describe in Xina gracilis '•' une

veritable noyau tres claire." There are only two cases of

this sort recorded—the two mentioned above. Schellack

(1907) compared the vesicle which he fouud in the prophases

of the first division of Ecliinomera hispida to the "micro-

nucleus " of Cuenot ; but he must have referred to the

. "micronucleus" of Monocystis and not to that of Diplo-

cystis, for the figure published does not show a completely

organized small nucleus. Later (Schellack, 1912) he refers

to it as " eiue Art Kleinkern." I sliall discuss the "micro-

nucleus " of Schellack below. In the Diplocystis from the

cricket which Cuenot describes, after some very peculiar

" prophases " evidently four stages were found—a doubtful

metaphase, a late anaphase, a single small nucleus (the

" micronucleus"), and a stage with two small nuclei. Cuenot

was of the opinion that the " micronucleus " arose in some

fashion in the cytoplasm, then followed the metaphase and

anaphase, and finally the two small nuclei resulted. At the

same time he recognized the possibility that the "micro-

nucleus " might be merely one of two daughter-nuclei, the

other having been knocked out ot the section by the knife.

I feel certain that this is the correct interpretation. Leger

and Duboscq (1909) describe a similar " micronucleus" for

Nina gracilis. Here, again, only four stages were found

—or, at all events, figured. The first shows the primary

nucleus containing a small clear area, within which is a

little group of chromatin particles—probably really the
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micronucleus. The second shows the primaiy nucleus dis-

integrated, with a small stellate area among the debris

within which are a few regularly-shaped portions of chromatin

—presumably chromosomes. The third is extremely doubtful,

and is merely called '^ formation du micronucleus" (tig. 11).

I confess to being ' able to make out little or nothing

in this figure except a rather clearer circular area in the

nuclear debris. The fourth figure shows a perfectly formed

nucleus with a centrosome. The interpretation seems to me
to be the same as for Cuenot's " micronucleus'^; it is merely

one daughter-nucleus derived from the first division, the other

having been overlooked or having dropped out of the section.

The figure showing the stellate area with chromosomes is

probably really an equatorial plate viewed from one pole of

the spindle. There is a point in connection with these so-

called " micronuclei " which neither Cuenot nor Leger and

Duboscq seem to have noticed. It is this : Supposing these

nuclei really do represent a stage between the disintegration

of the primary nucleus and the formation of the chromosomes,

then before the chromosomes can be derived from such a

typical nucleus a series of prophases would have to be gone

through. But these have never been found by anyone : and

since all these stages are missing, the evidence in favour of

the " micronucleus " as described by Cuenot and Leger and

Duboscq does not seem to me to be satisfactory. All these

cases are thus possibly misinterpretations caused by the lack

of suflEicient material. It is very probable that the origin of

the chromosomes in gregarines takes place in a general way
after the fashion now to be described.^

As Ave have seen above, in practically all gregarines the

karyosome or karyosomes become broken up into many

fragments, some very minute and some larger. It is from

some of these that the chromosomes of the first equatorial

1 Prowazek (1902) claimed to have seen the nucleus of Monocystis
open and give off its contents " in an indistinct striated form '' into the

cytoplasm. This gave rise to a " micronucleus." As no figures are

pubhshed these observations must be regai'ded with the greatest

suspicion.
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plate are derived. Most unfortunately very little is known
about this extremely interesting stage. Brasil (1905) was

the first to publish any observations on the point. In Mono-
cystis he found in his " third type of division " that a round,

vacuolated portion of a kai'yosome gave off numerous small

particles which at once formed a spireme and then gave

rise to the chromosomes. There is one -figure (fig. 1^) in

Robinson's (1910) account of Kalpidorhynchus areni-

colfe which is very suggestive of a spireme, but the whole

description is too sketchy to make much of. Mulsow (1911)

was fortunate enough, in his work onMonocystis rostrata,

to find several stages in the formation of the chromosomes.

Here, again, a spireme is foi-med from what appears to be a

round, vacuolated ]iortion of karyosome, the spireme being

formed from tiny, rounded pieces of chromatin. A sort of

^'synapsis" occurs, and the chromosomes form a tangled ball

on the plate of the spindle, after which division evidently

occurs. In Diplocystis schneideri I have found only

-one example of the formation of the chromosomes, and here

again they are seen to come off in the form of beaded threads

from a rounded and vacuolated portion of karyosome, very

like the original micronucleus formed in the nucleolus of the

young forms. It seems to me almost inconceivable that any

fragment of chromatin can form chromosomes in this way.

'{'here must surely bo some particular portion of chromatin

that has this function. As I have already said, I cannot help

believing that if it were possible to follow the micronucleus

of Diplocystis schneideri through all the nuclear changes

from its formation in the youngest parasites up to the stage

of the final break-up of the primary nucleus, a complete chain

might be established between the chromatin of these early

stages and the chromatin which forms the chromosomes. It

' Duke (liHU) Ims a figure (fig. 1.5) of Metainera scliubergi which

is I'atliev lilce this one, and might almost suggest a spireme ; but he

failed to find any chromosomes. The whole account of the first nuclear

division is very peculiar and difficult to understand. It is (juite unlike

that of any other gregarine.
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is at least signiticant that in those few cases in which the

formation of chromosomes has been seen, they all arise in

the same fashion from a small chromatin structure of approxi-

mately the same form.

I believe one is justified in calling this more or less organized

portion of chromatin a micronucleus. There are two cases

—

apart from the erroneous two already referred to—in which

micronuclei have been described, but in which the connection

between theni and the chromosomes has not been found.

I refer to the already mentioned cases of Echinomera
hispida and Gonospora testiculi described respectively

by Schellack (1907) aud Tregouboff (1918). The "micro-

nuclei" in both these differ very much from those of Nina
gracilis and Diplocystis major; they are merely tiny

vesicles containing- small fras^ments of chromatin. In

Echinomera Schellack was able to see the formation of

the karyosome, and his figures of the early stages show the

" karyosome " to be extremely like the later " mici'onucleus."

Might it not be that, as in Diplocystis schneideri, the

micronucleus is formed very early in the life of the organism

and remains hidden within the karyosome until just before

reproduction, when the disintegration of the karyosome brings

it to light again ? In ti-onospora the micronucleus seems

to be formed early in the life-history, being expelled from the

karyosome as already described. Before the onset ot" the

first division the micronucleus becomes completely organized,

and forms a tiny vesicle very like that of Echinomera.
Most unfortunately the formation of chromosomes has not

been observed in either of tliese forms.

At this point [ propose to review the rest of our knowledge

of chromosomes in gregarines, although in some cases, to

which reference will be made, the chromosomes were not

.studied until the later divisions. 1 wish first to refer to the

chromosome numbers found in different species. The more
important of the observations recorded in this connection

have been combined in the following table. In many cases

no counts have l)een made by the investigator, but I give in
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a separate column the numbers shown in the published

figures. Even when counts have been made I have also

given the numbers shown in the figures^ for the two do not

-always correspond.

Species.
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liispida. The fifth chromosome was longer than the others

and formed the karyosome. He compared it "with the

accessory chromosomes in insects. Leger and Duboscq (1909)

returned to the same subject later and showed that in Xina
gracilis the unpaired chromosome forms the karyosome only

in part. They also pointed out that Schellack's comparison

between the unpaired chromosome in gregarines and the

accessory chromosome in insects was not satisfactory, and

-compared it in turn to a "nucleolar formation." As we shall

see later, there is a simple explanation of the odd chromosome

numbers found in the gregarines. It seems, indeed, that the
" unpaired chromosome " differs in no way from the others

except in size, and the size difference may amount to little or

nothing ; for in Gregarina ovata, in which Schellack (1912)

discovered another " unpaired chromosome "—tliree chromo-

somes are present—the "odd chromosome" hardly differs at

all in size from the two others.

A word may be said about the form of the chromosomes.

As a rule they are very definite fihtmentar, rod- shaped or

globular bodies. Often indeed all three different forms are

found in one species at different stages of the life-history, as

we have seen in Diplocystis schneideri. Occasionally,

as in Brasil's (1905) "first type of division" in Mouocystis,
the chromosomes are represented as many small grains of

chromatin. The case of Met am era schubergi, investigated

by Duke (1910), is an extreme one of this sort. Hei-e chromo-

somes are apparently absent, and it is suggested that the

chromatin is carried along the spindle-fibres in " discrete

particles." The method of nuclear division in this gregarine

is so peculiar that its further study is desirable.

When the achromatic figure and the chromosomes have

been formed the division takes place in the ordinary mitotic

fashion. In many cases the two daughter-groups of chromo-

somes move apart a considerable distance by the lengthening

-of the spindle-fibres. In this way the nuclei of the later

<livisions become well distributed tlirough the cyst. After a

number of divisions have taken place all through the cyto-
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plasm the nuclei migrate to tlie periphery of the cyst. There

further multiplication may occur, or there may be only one

or two peripheral divisions prior to gamete formation. In

most forms the nuclei after the last division proceed to

gamete formation, but in some, sucli as Nina gracilis and

Echinomera hispid a, the nuclei Avhich are to form the

female gametes migrate back from the periphery after

multiplication has ceased and form a network through the

body of the organism.

Leger (1904) described two types of nuclei, generative and

somatic, from Stylorhynchus longicollis. Of these the

somatic are the larger, and are thought to have the function

of working over the reserve food stuffs and preparing them

for the generative nuclei. Nuclei of these two sorts have

also been described from Gregarina munieri by Leger

and Duboscq (1909), Monocystis sp. by Hoffmann (1909),

Stenophora juli by Tregouboff (1914), etc. Others have

not observed this nuclear dimorphism, and are of opinion

that the large nuclei soriietimes found alongside of smaller

ones are merely ordinary nuclei delayed in their division

(Mulsow, 1911) ; and it seems clear that these nuclei which

get left over and do not develop in time must be incapable of

takiug part in gamete formation (Brasil, 1905). At present

there appeal's to be no good evidence to show that the nuclei

within the cyst are differentiated into the two classes

—

somatic and generative—postulated by Leger.

E. The Search for Reduction Divisions.

The two divisions immediately preceding gamete formation

have received a great deal of attention, for most workers seem

to have examined these stages with particular care in the

expectation of finding a reduction division after the fashion

of the Metazoa. The most varied results have rewarded the

investigators, but as a rule nothing really comparable with a

true reduction division has been found. Before one can

speak of a reduction division having taken place one must

demonstrate that the number of cln'oniosomes has been
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reduced to one half by a process of indirect division. There

are only two cases on record which claim to have done this.

Before examining these let us note certain other nuclear pro-

cesses which have been observed.

In certain cases—e.g. Stylorhynchus longicollis,

Leger (1904), Echinomera hispida, Schellack (1907)—
a granule of chromatin has been found expelled from the

nucleus prior to gamete formation. Schellack (1907) believed

that this must represent some sort of reduction process,

especially in view of the fact tliat E. hispida had an odd

number of chromosomes. Hoffmann (1909) found similar

granules in Monocystis, Init did not believe that they had

anything to do with reduction, lirasil (l!>05) found that after

conjugation the nucleus of Monocystis expelled some

granules of chromatin into the cytoplasm, but thought they

were of a vegetative nature. Thus Schellack's interpreta-

tion of the expulsion of the granules from the nucleus is not

supported by any others, and, indeed, he himself does not seem

to be greatly intrigued b}' it.

In 1904 Paehler described from Gregarina ovata a pro-

cess which outwardly closely resembled the formation of polar

bodies in the metazoan ogg. fjater Schnitzler (1905), who
worked on the same species as Paehler, described this process

still more fully. The gamete nuclei become surrounded by

cytoplasm and break free from the parent organism. A
centriole appears, which presumably divides into two, and a

sjniidle is formed. "In a typical karyokinesis two daughter-

]jlates are formed, of which one remains in the sporoblast and

gradually rounds up to form the sporoblast nucleus, while the

other becomes condensed and cut off as a reduction body."

Only one division was said to take place, and no chromosomes

were counted. From Schnitzler's figures it would seem as if

three chromosomes were dividing into two groups of three

;

and although Schnitzler gives four as the chromosome number

in the preceding nuclear divisions, his figures of these also

frequently show three only. Later Leger and Duboscq

(1909) describe a similar happeningin Gregariua munieri,



250 A. PRINGLK JAMESON.

but here two "reduction" divisions take place^ the "polar

body " dividing into two. Again there is no evidence of a

reduction in chromosome number, and although no chromo-

some counts are given, three chromosomes are shown in the

figures. On the whole this seems to be a rather complex

method of expelling a chromatin granule similar to those

described in the previous paragraph. Schellack (1912) has

re-examined G. ovata with great care, and he has found

that the number of chrosomones is three, and not four as

Schnitzler had said. Further, although he examined the

necessary stages with the greatest care, in order to observe

the "reduction" phenomena, he was unable to confirm the

findings of the previous workers. ,He says, indeed, that the

karyosome expelled a granule which made its way into the

cytoplasm ; but nothing more happened. He found no

"polar body." This type of "reduction" has been found only

in the genus Gregarina, and— which is noteworthy—only

in species which have an odd number of chromosomes. It is

difficult to understand how the three "somatic" chromosomes

could be reduced (halved) in this way. Moreover, quite apart

from the fact that no true reduction in chromosome numbers

has been established, the phenomenon in question does not

seem to be of constant occurrence. AVhat the significance of

the expulsion of a small portion of chromatin may be I cannot

suggest ; but I am inclined to believe that, like the previousl}'

described processes in Stylorhynchus and Echinomera,
it has more to do with the vegetative than the reproductive

side of the gamete's exis-tence.

There remain two cases of reduction that are important

because in them the chromosomes have been counted. They

will have to be considered in detail. Mulsow (1911) described

what he believed to be a reduction division in Monocystis
rostrata, a new species which he found in the semiual

vesicles of Lumbricus terrestris. This species was said to

have eight chromosomes. There was only one reduction

division, the last division before gamete formation. At this

division eight chromosomes appeared as usual when the
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spireme became segmented. They were thought to be asso-

ciated in pairs but not actually united, as, on analogy with a

nietazoan reduction, Mulsow expected. The eight chromo-

somes then separated into two groups of four, a daughter-

group going to each pole of the spindle. It has already been

pointed oat (Dobell and Jameson, 1915) that Mulsow was

probably dealing with two species of Monocystis—one with

eight chromosomes, the other with four—and that what he

observed was not an instance of reduction but one of

confusion.

In the first place it must be noted that Hesse (1909) has

recorded six species of Monocystid gregarines from

Lumbricus terrestris, and that Mulsow's new species makes

a seventh. Several of these are very common, and mixed-

infections are of regular occurrence. To expect to find

always a pure infection would seem to be folly. Even Avhen

the vegetative forms are easily enough distinguished the cysts

are usually extremely alike. Further, we have already seen

that four is not an uncommon number of chi'omosomes in

various species of Monocystis. Mulsow himself, it seems

to me, has supplied evidence w^hich points to a mixed infection.

He found always a certain number of division figures which

were quite unlike those of Monocystis rostrata. He has

given samples of these in his figs. 54-57. His explanation

of these is that they are due to bad fixation, but at all events

figs. 54 and 56 seem to be excellently fixed, and I would

suggest that the differences may be due rather to the fact

that the different spindles really belong to different species

of Monocystis. Even in the figures illustrating the normal

life-cycle of Monocystis rostrata there are a number of

suggestive discrepancies. Thus in figs. 2 and 20, which

show the origin of the chromosomes, only four chromosomes

are figured. Of course it is conceivable that four more might

form later; but this would be extraordinary, and it is far

more probable that four is the complete number. It may
be noticed also that the chromosome pairs shown in

fig. 46 are not really pairs at all, but eight distinct and
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different cliromosomes. Furthermore, if the figures show-

ing the prophases—figs. 38-46—are compared with those

—figs. 48-53—which are supposed to show the actual

reduction, it will be seen that the cliromosomes shown in the

pi'ophase figures are quite different from those shown in the

division stages. Finally, in the reduction division itself,

figs. 48 to 50 show the four daughter-chromosomes moving to

each pole of the spindle, but still connected together at their

ends—not eight chromosomes separating into two groups of

four, but four chromosomes apparently dividing into two

daughter-plates of four each. Mulsow noted the connection

of the daughter-groups at this stage, but again blamed the

fixation. The connection together of chromosomes by their

ends or by delicate chromatin strands is a well-known feature

of dividing chromosomes, but I doubt if any amount of bad

fixation would bring it about in fully individualized chromo-

.somes which were merely separating into two lots.

The more one examines Mulsow's case of ''reduction" the

less is one satisfied with it. To me the evidence seems to

point strongly to the confusion of a species having four

chromosomes with one possessing eight. If Mulsow's account

of this division is correct, I can but conclude that it is a

special form suited only to those species whose " somatic "

chromosome number is even.

The other case in which a reduction in the number of

chromosomes is said to have been observed is that of Steno-
phora juli, described by Tregouboff (1914). The "reduc-

tion" is after the fashion described above for Gregarina,
but " un peu speciale," No reduction could be found during

the formation of the microgametes on account of the un-

favourable material ; but when formed they were seen to

contain " two chromatin bodies placed side by side—certainly

the cliromosomes." The macrogametes become free and are

fertilized. Reduction takes place " either before copulation

or during copulation, or even after the spermatozoid has

already penetrated the Ggg." 'J'he egg nucleus, at first a

collection of distinct granules, forms four chromosomes. A
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division nov/ occurs in which two chromosomes, generally

smaller than the other two, are expelled from the egg. A
small granule which is present at this division is interpreted

as a centrosome.

This case is far from satisfactory. In the first place there

is no account of any nuclear divisious prior to this " reduction "

division. Consequently we do not know what the '' somatic "

number of the chromosomes is. We are told that the dividing

nuclei " are very small and do not give good figures." It is

strange that after gamete formation, when the nuclei must

be considerably smaller than in the preceding divisions,

Tregouboff was able to follow the reduction division " easily

enough in detail, the material being particularly favourable

for this study." Tregouboff's figures are unfortunately only

text-figures and do not show much detail. It is to be

presumed, however, that they show all- the necessary points.

What do they actually show ? Fig. c is said to show " reduc-

tion chromatique dans Foeuf avant la copulation '^
; it actually

shows, near the periphery of the egg, four round grains

arranged in a square with a fifth smaller one immediately

above them. Figs, d and e are said to show " reduction

chromatique dans I'oeuf et la copulation"; they actually

show the same four granules arranged in the same way with

the fifth grain occupying a similar position, Avliile on the

outside of the egg is a small black mass, presumably the

microgamete. Fig. / is said to show " reduction chromatique

apres la penetration du spermatozoide dans Toeuf "
; it actually

shows once more the four round granules in square formation

near the periphery of the egg, with a small black body

(possibly two granules badly differentiated) lying near them
;

the fifth granule is absent. Fig. g claims to be the " syn-

caryon " ; again there are seen the gianules in " fours," the

''centrosome" being absent, with two granules much siuriller

in size lying on the outside of the egg at the pole opposite

to the " syncaryon." Fig. i, representing " the first mitosis

in the copula," shows at one pole of a spindle (?) four granules

and at the other two granules, with a dark streak joining the
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two groups. Of this stage Tregouboff says :
" La premiere

division mitotique dans I'oeuf feconde donnera deux noyaux

contenant chacun 4 chromosomes encore nettement distincts

a ce stade, et situes anx deux poles du sporocyste (fig. i) ;

quoiqu'on ne puisse I'etudiei' en detail, elle parait etre da

type a nn long chromosome axial/'

I cannot think that any evidence is here shown to prove

that there is a reduction division at all. There is no trace

of a division figure unless the single "centrosome" is doing

duty for it. There is no sign of the " expulsion of two of

the chromosomes " except that in fig. g the two granules on

the periphery are said to be these. There is no proof that

four chromosomes are present in any stage of the life-history.

To establish this reduction a full series of figures showing all

phases in the divisions is necessary, and until these are pub-

lished it is almost impossible to determine what Ave are

dealing with in this case. It seems to me that Tregouboff

has over-estimated the ease with which he could follow the

details of the reduction division. I should be inclined to

class these stages with the earlier divisions—" Elles sont tres

petites et ne donnent pas de belles images." In the absence

of .any evidence showing what the somatic number of chromo-

somes is, I suggest that it may possibly be two, and that

what Tregouboff has taken for a reduction is merely an

expulsion of a portion of chromatin such as has been already

described in the genus Gregarina, the four globular chromo-

somes ari-anged in square being two daughter-plates of two

chromosomes each. Again I must add that, even supposing

Tregouboff's account is correct, it can only apply to those

gregarines whose chromosome number is even ; for those

with an odd chromosome number we have still to seek a

method of reduction.

Other reduction processes have been discussed by some

authors, but as they are of a purely speculative character,

without the support of any evidence whatsoever, they seem

to me to be unworthy of consideration.

It will be clear, I think, from the foregoing considerations-
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that the search for reduction divisions—in the proper sense

of the term—in the gregarines generally has hitherto been

vain. The so-called " reductions" by extrusion of chromatin

granules have clearly nothing to do with the true chromosome

reduction (meiosis) of other animals and plants. The attempts

to discover a meiotic phase in the nuclear divisions preceding

or accompanying gametogenesis have also failed. Such

stages as have been found—and they are neither many nor

serially complete—have been arbitrarily interpreted in such

a manner as to make them fit into a general scheme of reduc-

tion and gametogenesis derived from, and therefore appro-

priate to, a metazoan animal. Reduction has been sought

at a stage when it ought to occur according to certain

preconceived notions. It has not been found, because in

all probability it does not occur at this stage. The true

reduction of the chromosomes occurs at a stage where it

has hitherto not been sought; consequently no amount of

hypothesis and argument over details has been able to

surmount or explain the fundamental mistake which has

been made in all the earlier attempts at interpretation.

F. The Gametes.

The forms presented by the gametes of gregarines are very

varied. It would be fruitless to go over the s^round that has

been so carefully covered by many authors, especially by

Leger and Duboscq, and the more so because the gamete

nuclei—with which I am here chiefly concerned—ai*e in many
cases verj- much alike although the general appearances of

the gametes may be so different. I shall only recall the fact

that those who have studied this point seem to be of the

opinion that the gametes are nearly always anisogamous.

Even when isogamy has been described by one worker, more
ingenious later observers have often been able to demonstrate

some minute differences between the " male " and the

"female^' gametes. Hoffmann (1909) has pointed out that

anisogamy is often more marked in the living gamete than in
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the fixed and stained preparation. I confess I have not

concerned myself very much with this question in Diplo-

cystis Schneider i. To me the gametes appear to be

exactly alike, and I can distinguish no structural differences

between the members of a pair, though it is possible that

minute differences might be discoverable if more diligent

search were made.

In this connection it may be recalled that the two gametes of

Diplocystis, though to all appearance structurally identical,

may possibly be slightly different in their functional characters.

It has already been pointed out that the zygotes tend to be

found towards one end of the cyst, and this would seem to

indicate that the gametes formed by one of the associated

individuals are more actively motile than those of the other,

and migrate from one end of the cyst to seek their partnei's

at the other end. It might therefore be justifiable to regard

these two classes of gametes as "microgametes^^ and "macro-

gametes " respectively, and the organisms which form them as

respectively male and female ; and such a conception would,

perhaps, enable us to reconcile the apparently complete

structural isogamy of Diploe^^stis with the condition

of extreme anisogamy which obtains in so many other

gregarines.

One other point is also worthy of note here. In Diplo-
cystis all the gametes formed by both individuals of an

associated pair are, as we have seen, exactly alike as regards

their chromosomes. Neither the " male " nor the " female "

individual forms gametes distinguishable by their chromo-

somes into two categories. So far as can be judged at

present, from the incomplete publications of others, this is

also true of many other gregarines. There is no "accessory"

or "sex" chromosome in these organisms, and the "unpaired"

or " axial " chromosome Avhich has been described is clearly

not the homologue of the " sex chromosome " of an insect or

other animal displaying a chi'omosomic dimorphism in its

gametes. The " unpaired " chromosome of a gregarine is,

indeed, unpaired : but so are all the other chromosomes which
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accompany it ; for the nuclei at all stages, from the first

division in the gamont up to the last division before gameto-

genesis, contain a single set of chromosomes—a haploid and

not a diploid group. This fact, if, as I believe, true of alt

gregarines—including those with conspicuous sexual differ-

entiation—should be of interest to those who regard

"accessory" chromosomes as "sex determinants" in the

Metazoa.

Ct. The Sporoblast (Zygote) and its Nucleus; the

True Reduction Division.

The behaviour of the nucleus in the sporoblast and its

division into the eight sporozoite nuclei have never been

carefully examined previously. As a rule it has been suffi-

cient for the investigator to mention that the divisions took

place—some describing a "primitive division," others ordinary

mitosis. In Diplocystis schn eider i for the first time the

nuclear divisions within the sporocyst have been carefully

examined ; and, as we have seen, the results are interesting

and perhaps of far-reaching importance. To recapitulate

them briefly: The sporoblast is a zygote. Its nucleus is formed

by the fusion of the two gamete nuclei, each containing a

similar set of thi'ee chromosomes. The first nuclear division

of the sporoblast is a reduction division. From the spireme,

which is formed during the early prophases, six chromosomes

arise. These lie on an indistinct achromatic spindle and

separate into two homologous groups of three, one set of

three passing to each pole. A second and a tliird mitotic

division then take place—each presenting the same number

(three) of chromosomes—giving rise, finally, to the eight sporo-

zoite nuclei. The sporozoites thus each contain three chromo-

somes—a single or haploid group. This is the number present

again in all the nuclear divisions—including all the divisions

associated with gametogenesis-—of the gamont, whicli is tlio

adult organism into which the sporozoite grows.

This type of reduction division is new, and it explains in a
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simple fashion the odd chromosome numbers so common
among gregarines. The number found in every division

excepting the first sporoblast division is the haploid number.

Only once in the whole life-cycle is the diploid number found,

namely, in the first division in the sporoblast. It seems prob-

able that a careful re-examination of gregarine life-histories,

paying special attention to the sporal divisions, will reveal

this to be the real method of reduction in all.

Although Diplocystis is the only gregarine in which this

type of reduction division has been found, it does not stand

alone among the Sporozoa, for Dobell (Dobell and Jameson,

1915) has recorded an exactly similar phenomenon in

Aggregata eberthi. Here the haploid number of chromo-

somes (six) occurs all through the schizogonic cycle of the

parasite in the crab, and in evei'y nuclear division in the male

and female individuals in the cuttle-fish. At the first division

in the zygote, however, the diploid nunibe]' (twelve) occurs,

consisting of two homologous groups of six differentiated

chromosomes, derived from the macrogamete and microgamete

nuclei. At no other stage in the life-cycle is the diploid

number present. Reduction, as in Diplocystis, takes place

during the first division of the zygote nucleus, the chromo-

some number here being halved from twelve to six. The

chromosome cycle of Aggregata is thus closely comparable

with that of Diplocystis, though it must be remembered

that the stage in the life-history at which fertilization occurs

is not the same in Coccidia and Gregarines, the zygote being a

sporont in the foi*mer, a sporoblast in the latter.

Conclusions.

Of the several interesting questions which the foregoing

review has touched there are only two on which I wish to lay

special emphasis :

(1) The peculiar origin of the karyosome in Diplocystis

schneideri, in which a " micronucleus " makes its way

inside a nucleolus, giving rise to a " karyosome" composed of
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two clearly differentiated portions, taken in conjunction with

the fact that in many other Gregarines the karyosome is

similarly constructed, opens, I think^ a very important

question. The entii-e gregarine " nucleus " is clearly not

exactly compai'able with the nucleus of a metazoan cell. It

is probably a much more complex organ, comparable with a

nucleus within a nucleus. Such evidence as I have been able

to bring forward is insufficient to exhaust this question, which

is undoubtedly one that would repay further inquiry.

(2) Heretofore, reduction in gregarines has been sought

for in the two nuclear divisions immediately preceding gamete

formation. 1 have tried to show that in none of the so-called

"''reduction divisions " which have been described has a true

reduction been demonstrated. In Diplocystis schneideri

the reduction division has been found to be the first division

in the sporoblast, and this is probably the stage at which it

occurs in other forms. This mode of reduction offers a

simple explanation of the odd chromosome number which is

so common in gregarines; it is the haploid number, which is

present in every nucleus in the whole life-cycle except the

zygote nucleus.

Finally I would like to draw attention to the fact that

both of the above important points emphasize the difference

between the Protozoa and the Metazoa. In the present case,

especiall}' as regards reduction, a somewhat slavish following

of metazoan embryology has, indeed, already obscured the

truth and led into serious error. Dobell (1911) has shown

the futility of interpreting the Protozoa in terms of the meta-

zoan cell, and yet it still goes on. Clarity of thinking Avill

not come in Protozoology until the Protozoa are fully recog-

nized as non-cellular organisms, comparable with whole

metazoan individuals I'ather than with their single component

cells.

Imperial College of Science axd Technology;
August, loiy.
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EXPLANATION OF PLATES 12 to 15.

Illustrating Mr. A. Pringle Jameson's paper on " The Chromo-

some Cycle of Gregarines, with Special Eeference to

Diplocystis schneideri Kunstler."

[The figures were all drawn with the aid of a camera lucida. Excepting

for figs. 1, 25, 26 and 27 a Leitz 2 mm. apochromatic lens with com-

pensating oculars was used. Unless stated otherwise the figures are

from sections stained with DolieU's ha?matein stain and light green.]

PLATE 12.

Fig. 1.—A Diplocystis "pair" from the body-cavity of a cock-

roach, showing in each a large nucleus with several karyosomes. Whole
mount. Borax carmine. X 65.

Fig. 2.—Spore showing sporozoites coiled within. Smear from ripe

cyst. Acid carmine, x 1600.

Fig. 3.—Spore showing line of dehiscence. Fresh, x 1600.

Fig. 4.—Empty sporocyst showing triangular opening and sporozoite

lying beside it. Smear from gut of cockroach fed on spores, x 1600.

Fig. 5.—Sporozoite showing nucleus. It has become rather flattened

in the preparation. Smear, x 2500.

Fig. 6.—Spore commencing to dehisce, x 2500.

Fig. 7.—Sporozoite in gut-wall. Smear, x 1600.

Fig. 8.—Sporozoite in gut-wall. Growth has commenced. The oval

netted bodies are the nuclei of the cells, x 1600.

Fig. 9.—Sporozoite in gut-wall. Later stage showing auuulioid

appearance, x 1600.
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Fig. 10.— Section of gut-wall showing four parasites, the two older

ones beginning to associate. X 1400.

Fig. 11.—Enlarged view of sporozoite in fig. 8, showing first stage in

fonnation of the karyosome ; the anterior granule enlarged. X 2500.

Figs. 12-19.—Toimg para.sites showing stages in the foi-mation of the

kaiyosome ; fig. 12 shows the two granules in contact ; figs. 13-lo show

the small micronucleus penetrating into the nucleolus ; fig. 16 shows a

solid micronucleus within the nucleolus ; figs. 17-19 show the micro-

nucleus becoming vacuolated. X 2500.

Figs. 20-25.—The disintegration of the karyosome in older parasites.

Only the nucleus is figiu-ed. Fig. 22 shows an unusual method of dis-

integration, the micronucleus Ijeing extremely vacuolated and giving off

dark masses into the micleoplasni. Figs. 20-24 x 1600, fig. 25 x 850.

Fig. 26.—Still later stage in the disintegration of the karyosome,

showing food-granules beginning to form round the nucleus. X 700.

PLATE 13.

Fig. 27.—Portion of gut-wall showing nimierous parasites lying in

the thickened I'asal layer ; the gut is somewhat diagrammatic, x 100.

Fig. 28.—Portion of gut-wall showing a pair of very large parasites

in it. Reconstructed from two sections. Boi-ax carmine. X 100.

Fig. 29.—Very young parasites in sporulating Diplocystis cyst.

The numerous black ticks are spores. Reconstructed from twelve

sections. Heidenhain's iron-alum hematoxylin and Bordeaux red.

x 100.

Fig. 30.—Junction line of two young associates, showing fusion at

point of contact. X 90o.

Fig. 31.—Junction line of two old associates, showing thinning at

point of fusion, the delicate inner membranes, the alveolar wall, and the

delicate outer membrane sm-rounding the two parasites. X 1000.

Figs. 32 and 33.—Nuclei of large parasites, showing the breaking down
of the karyosome fragments to chromatin particles, x 450.

Fig. 34.—Nucleus of parasite about to commence prophases of first

division. Note the three rather delicate and regular vesicles. Recon-
structed from six sections, x 700.

Fig. 35.—Nucleus in early prophase of first division, showing several

tiny vesicular fragments of karyosome and a single aster. Recon-
stmcted from seven sections, x 700. See footnote, p. 222.

Fig. 36.—The aster in the previous figure highly magnified, showing
the 1;reak in the nuclear wall, x 250iJ.
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Fig. 37.—Karyosome vesicle from nucleus in early prophase, showing

budding at one end. x 900.

Fig. 38.—Two asters lying outside the nucleus ajnong the food-

granules, four of which are shown, but suiTounded by extruded nuclear

material. A small karyosome vesicle is seen within the nucleus.

Safi'anin and light green, x 1400.

Fig. 39.—Nucleus in early prophase of first division, showing aster

at jDeriphery where the nuclear wall has broken down. The karyo-

some vesicle is seen in optical section, showing the thickened hemi-

sphere. The aster is really dividing into two at right angles to the

plane of the paper, so that it cannot be shown in the figure. The
nucleus is from one member of a pair, a part of the nucleus of the other

member having been figured in the pi'evious figure. Safranin and light

green, x 900.

Fig. 40.—Early j)rophase of first division, showing a single aster some

little distance within the nucleus and a karyosome vesicle lying beside it.

X 1400.

Fig. 41.—Origin of the chromosomes of the first division. At the top

of the figure is an aster with a small karyosome vesicle lying beside it

from which the chromosomes are coming oif. At the bottom of the

figure is seen a large karyosome vesicle. Reconstructed from two

sections, the aster and chromosomes being in one section and the large

kaiyosome vesicle in the other, x 900.

PLATE 14.

Fig. 4:2.—Highly magnified view of the origin of the chromosomes

figured in fig. -tl. There are seen to be three karyosome vesicles, two

of wliicli are very tiny. They are partly overlying the aster. Coming
off from them are three filamentar chromosomes, two of which have

thickened ends, x 2500.

Fig. 43.—Metaphase of first division. The chromosomes have con-

densed to small globular bodies and are dividing. Two fragments of

karyosome are lying ])artly on the figure. Division is taking place in a

homogeneous ground of nuclear debris. X 2500.

Fig. 44.—Late anaphase of first division, showing a vacuole forming

round each daughter-group of chromosomes. X 2500.

Fig. 4-5.—Late telophase of first division. The daughter-nuleci have

drawn far apart and are almost completely reconstructed. The asters

are still large. The nuclei are lying among food-granules, x 1400.

Fig. 46.—Completely reconstructed nucleus from first division. The

aster is shrunken and solid looking, x 2500.
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Figs. 47 and 48.—Second division figures. Note the web-like appear-

ance of the protoplasm and the aster rays. TLe chromosomes are small

and globular, x 2500.

Figs. 49-51.—Third division figures. Note that the chromosomes in

the early phases are filamentar, in the later short and stumpy.

Figs. 52-63.—Fourth and fifth division figures, x 2500.

Figs. 52-55.—Division of aster into two, disintegration of karyosome

and formation of spireme.

Fig. 56.—Formation of three chromosomes from spireme.

Fig. 57.—Formation of spindle from aster rays invading the nucleiis.

Fig. 58.—Chromosomes on the equatorial plate.

Fig. 59.—Spindle viewed from one pole, showing the chromosomes

splitting.

Figs. 60-62.—Anaphases.

Fig. 63.—Early telophases.

PLATE 15.

Fig. 64.—Late telophase of fifth division. X 2500.

Fig. 65.—Reconstructed nucleus from fifth division, x 2500.

Figs. 66-74.—Nuclei dividing at the periphery, x 2500.

Fig. 66.—First division at the periphery, showing asters.

Figs. 67 and 68.—Later peripheral division, showing cones projecting

from surface.

Figs. 69 and 70.—Still later peripheral divisions, showing nuclei

projecting from the surface and division taking place almost entirely

within the nuclear membrane. The chromosomes are much condensed.

Figs. 71-74.—Last division at the periphery. Three chromosomes can

still be clearly seen.

Fig. 75.—Portion of periphery of parasite, showing layer of cyto-

plasm. X 100.

Fig. 76.—Nuclei at periphery just about to form gametes, x 1600.

Fig. 77.—Gametes forming and nearly completely formed. The
partition between the two individuals in the cyst has broken down.
X 1400.

Fig. 78.—Fully-formed gamete, x 2500.

Figs. 79-83.—Conjugation, x 2500.

Fig. 79.—Two gametes united but not yet rounded up.

Fig. 80.—Gametes united and rounded up.
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Fig. 81.—Complete fusion of cytoplasm ; nuclei not yet united.

Fjor. 82.—Nuclei united but chromatin masses separate.

Fig. 83.—Completely formed zygote.

Figs. 84-111.—Nuclear divisions in the sporoblast and formation of

spore. X 2500.

Fig. 81.—Karyosome condensed.

Fig. 85.—Karyosome breaking up to form spij-eme.

Figs. 86-88.—Formation of spireme.

Figs. 89-92.—Synapsis.

Figs. 93-95.—Formation of six chromosomes from the spireme after

synapsis. Figs. 93 and 94 are the more typical, but in fig. 95 the six

chromosomes are more easily counted.

Figs. 06 and 97.—Separation of the six chromosomes into two groujas

of three—the reduction division.

Figs. 98 and 99.—Reconstruction of the two daughter-nuclei.

Figs. 100-104.—Division of the two nuclei into four.

Figs. 105-108.—Division of the four nuclei into eight.

Fig. 109.—Spore with eight nuclei.

Figs. 110 and 111.—Two " chips,'" containing four nuclei each, of spores

at eight-nucleate stage, showing the chromatin becoming condensed

into two caps.
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1. Introduction.

In this paper I have collected some notes on technique,

with especial attention to various methods used for demon-

strating and distinguishing between protoplasmic and deuto-

plasmic bodies. 1 have also added directions and a plan for

research on the lines intoduced into this country by myself.

In a previous paper published in the 'Journal of the

Royal Microscopical Society ' (13) I have gone into certain

other aspects of these questions, and this paper is meant to

supplement what I have written before. The application of

modern technique to experimental zoology and physiology

will, I have little doubt, very shortly provide us with a wealth

of facts with regard to the life of the cell and the development

of the organism.

Where necessary I have made due acknowledgment to

other workers, such as Murray, Cramer, Cowdry, Bensley,

Kull, Hirschler, Regaud, Cliampy, Cajal, Golgi, etc.

Formulae of fixatives such as Bouin, Flemming, Altmann,

Champy, Gilson-Petrunkewitsch, Carnoy, etc., will be found

in books on microscopical technique, and are not given here.

This paper is written with the supposition that the reader is
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in possession of a late edition of Bolles Lee (3) or some other

such admirable book. Complete directions for every new

method in this paper are given carefully, and full biblio-

grajDhies will be found in the other parts of this series of

papers.

2. The Cell Elements Classified.

In the scheme on p. 270 I have given a tentative classi-

fication of the cell elements. The nucleus contains four Avell-

known categories of substances or materials, and in addition

in some cells it can be shown (Rio Hoitega, 29) that an enig-

matic granule or rod which is argentophile is seen to lie in

or near the nucleolus. I have called this rod the " Rio-Hortega

Body " after its discoverer, who is one of CajaFs pupils.

Between the words nucleus and cytoplasm I have drawn a

•double arrow to denote the interaction which goes on between

these bodies. The cytoplasm is known to contain two general

categories of bodies—metaplasmic or dead storage, excretion

or secretion products, which also fall under the term " deuto-

plasmic," especially if they are nutrient, and protoplasmic

bodies (active centres of vital changes), engaged in processes

•of cell metabolism. Between these two groups I have drawn

a. double ai-row to denote exchange.

Thedeutoplasmic inclusions are especially fat, j'olk, glycogen

and " lipoid " vacuoles, while excretion granules and pigment

are possibly different and are truly metaplasmic, but for the

present it is somewhat difficult to separate out the dead cell

inclusions into distinct classes. Pigment for instance may
be associated with mitochondria and possibly also with Golgi

elements.

With reference to the word " dead " and " living " as used

in this classification, it should be pointed out that both mito-

chondria and Golgi elements are centres of cytoplasmic

activity, and can be seen to grow and divide. Yolk-discs

and fat-droplets are classified as dead, because they do not

divide, and are not centres of cytoplasmic activity intlie same

sense or way as the mitochondria or Golgi elements.
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It is certain now that both jjrotoplasraic and deutoplasmic

inclusions are closely inter-related. Murray (24) and Dubreil

(11) both describe the metamorphosis of mitochondria (living)

into fat-globules (dead). It is also true that mitochondrial,

zymogen, pigment and lipin granules or vacuoles are closely

connected with one another. This serves to warn us that

such a classificatory scheme as I have given here must not

and cannot be regarded as rigid. That such a classification

is useful I believe that there is no doubt, and it gives one some
idea of the complexity of the cell.

Under the section of Cytoplasm I have given the gi'ound

protoplasm or cytoplasm and the centrosome a special

heading by themselves, as is justified by their importance.

A classification of this sort can be the only basis of the

cellular side of research in embryology, because we now know
that the nucleus and ground cytoplasm are only two of the

many bodies and substances Avhich form the cell. The
development and life of the organism are comprised by the

behaviour and changes which go on in the complex system

outlined in my classification. Attention is drawn to the tables

which I have published elsewhere, and which are aimed at

enabling the observer to identify any special cell-body by its

fixing and staining reactions (13).

3. Are the Mitochondria and Golgi Elements
Artefacts Produced by Certain Techniques?

Within the last few years the work of Regaud, Champy,

Faure-Fremiet, Meves, Held, Hirschler, AVeigl, Xusbauni-

Hilarowitz and Cowdry abroad, and of Murray and myself in

this country, has focussed a good deal of attention on the

mitochondria. More recently also I have entered into the

question of the Golgi apparatus in zoological material, and

Weigl, Cajal and Hirschler, too, have written papers on the

Golgi apparatus in eggs. Naturally this attention has also

been partly constituted by a scepticism as to the facts which

I have lately published under the title of " The Cytoplasmic



272 -
J. BEONTE GATENBY.

Indusions of the Germ-cells/' The sceptics are almost always

found to be ignorant -workers who are amateur cytologists

and microscopists, interested mainly in diatoms, and the

mechanism and theory of microscopes. To these I commend
the following- facts, which even a cursory study of the

international literature will confirm.

(1) The mitochondria can be seen and studied under the

microscope, in freshly teased live animal-cells, or in the

hairlets of the roots of plants, etc. (12, 15, 20).

(2) The Golgi apparatus of many sperm-cells is quite easily

seen under the same circumstances.

(3) Intra-vitam stains tinge the same bodies, in the same

location, in live untreated ceils.

(4) Properly fixed and stained cells show the same bodies,

the same size and shape, in the same location as in paragraphs

(1), (2) and (3).

(5) Fixing and staining methods reveal such bodies in all

stages of the germ-cell cycle in a variety of animals and

plant-cells.

(6) The presence of a Golgi apparatus and mitochondria in

animal-cells is now widely accepted by trained workers.

4. Lipoids, Lipins, Phosphatides, Phospholipins or

Substances in the Cell Allied to Fats.

Fats are soluble in acetone, xylol, chloroform and ether

especially. It is found, however, that strong alcohol is not

without effect on animal fat-globules. Now besides the true

neutral fats, such as palmitin, stearin, and the unsaturated

olein, it has been ascertained that there ai'e other " fatty
'*

substances in all cells, which are somewhat allied to the fats

in their chemical nature. Such substances, which are broadly

like the fats in their solubility reactions, have been culled

"lipoids," and are especially soluble in alcohol. Now it

has been shown by the excellent worker Maclean (21), that

ordinary fat solvents such as ether and chloroform, and also

alcohol, extract a variety of different "lipoids" from the cell,

ranging from cholesterol to pigments, and that while such
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substances agree generally in their solubility i-eactions, they

may be otherwise unrelated. Leathes (19 i, in 1910, suggested

that the word " lipin " be used for Thudichum's so-called

" amidolipotids/' which may only be decomposition products.

In order to clear up the confusion with regard to these

peculiar " lipoid '' substances, Maclean has suggested that the

term " lipin
'"' be used only for those substances of a fat-like

nature, which contain in their molecule either nitrogen or

niti'ogen and phosphorus, and which yield on hydrolysis fatty

acids or derivatives of fatty acids.

In the following section I intend to use the word " lipoid
"

in Overton's sense, i.e. to mean all those substances which

dissolve in organic solvents, such as chloroform, alcohol, and

ether.

The lipin s comprise two special groups of substances—the

phosphatides and the cerebrosides ; the term " phospholipin "

has been suggested instead of phosphatide. Phosphatides

are fat-like bodies containing in their molecule nitrogen and

phosphorus, while the cerebrosides contain nitrogen but no

phosphorus. Acetone will not dissolve lipins but will dissolve

fats. Biochemists extract lipins from dried tissues by means

of ether and alcohol and precipitate the bodies from the

solvent by means of acetone. Certain " lipins " at least form

insoluble compounds with chrome mercury and platinum salts.

"Lipoids" (e.g. cholesterol, lecithin, fat, cerebrin, etc.) form

a special part of almost all cell-organs, as seems to be indicated

by fixing tests, and so far as we know such substances are

always intimately associated with protoplasm. From this we
arrive at a definite conclusion as to the importance of work

on "lipoids "
; it is this : fixatives containing alcohol, chloro-

form and acetic acid especially either completely dissolve

away " lipoids " of all kinds, or distort and alter their morpho-

logical arrangement in the cell or cell organs; while those

fixatives which in themselves are not injurious, but which do

not cause the lipoids to become insoluble in the dehydrating

and clearing reagents, are not indicated for the best cytological

work.
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5, Yolk-Discs and Spheres.

Nearly all, if not all eggs contain yolk-bodies of some sort.

In tlie majority of cases sucli yolk-bodies are spherical or

discoidal, and are constituted by lecithin, free fat, and a

coagulable protein which has been called vitellin (27).

According to the amount of each of these three categories of

substances, the yolk-sphere or disc Avill act in a var3nng

manner under a given technique. In osmic acid the sphere

may or may not go black, and I think this depends on the

presence or absence of unsaturated free fat ; in other cases it

may or may not stain black or violet in iron-haematoxylin

or Benda (3) respectively, and this apparently depends on the

quantity of the protein contained in the disc.

Yolk-discs or spheres form most of the nutrient substance

in eggs, and no two different aniinals have yolk-granules

of the same chemical constitution. In birds the yolk-discs

go black almost immediately in osmic acid, while in the frog

and snail they do not do so. I do not think the yolk-disc of

the frog is phyletically a different structure from that of a

bird or a snail, and probably the yolk-disc of any animal

will be found to contain the three categories of substances

—

fat, lecithin, and proteid—in stable equilibrium. Since true

yolk-spheres contaiu either lecithin or proteid it is not difficult

to discriminate between them and fat-spheres. Fat-spheres

or vacuoles, yolk-spheres, and true lipin spheres, such as

occur occasionally in fatty tissue and liver, are nevertheless

liable to become confused with one another. (See section on

turpentine extraction, p. 287.)

6. The Problem of Fixation.

Older cytologists were satisfied if their preparations showed
the nuclei and cell walls unshrunken and clearly marked.

Nowadays, however, it can be recognised that the problem of

fixation is complicated. Besides the coagulable proteins, the

cell contains a number of substances, many of which ai'e so
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easily altered or dissolved that special precautions must be

observed in fixation. The materials in the cell which col-

lectively fall under the term "lipoid'' are rapidly destroyed

by alcohol, acetic acid, chloroform, and are altered by certain

other fluids. Not only this, but it is necessary to mix one's

reagents in such a way as to avoid distortion ; it should be

noted that the problem of fixation is not constituted only by

the C[uestions as to how various chemical reagents affect any

cell substance, but also by the question as to how such a

treated substance will resist the subsequent dehydration and

embedding. For instance formol fixation does not injure fat

in cells, but it will not keep alcohol and xylol or chloroform

from subsequently dissolving it out of the tissue ; osmium

tetroxide also does not injure fat in cells, but in addition it

keeps the alcohol and xylol or chloroform from dissolving it

away subsequently.

From the cytological and protozoological points of view the

problem of fixation may be said to be constituted by two

difficulties : (a) Avoidance of fluids which dissolve out or

distort cell elements; (b) avoidance of fluids which enable or

cause cell materials to be soluble in the dehydrating and

clearing agents. As an example I will take the technique

widely used by protozoologists, i.e. that of Schaudinn's fluid or

Bouin's fluid and iron-alum haematoxylin. Schaudinn's fluid

is a tj'pical alcohol-acetic acid and corrosive sublimate fixa-

tive ; the application of it to the cell possibly results as

follows : Some of the proteids are coagulated, but part at least

of such coagulated proteids are water-soluble. The acetic

acid and alcohol rake all lipins out of the cell, while other

fatty bodies are either dissolved away, or left in a state which
allows them to be dissolved away in subsequent dehydration

and clearing. Then the cells are stained in watery alum

haematoxylin, which dissolves out those w^ater-soluble proteid

salts. Some workers have partly done awa}^ with the latter

difficulty by using an alcoholic haematoxylin. Bouin's fluid

is possibly less actively destructive tlian Schaudinn's

but it is not indicated for cytological protistology. A
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paper bearing on this subject lias recently been published by
Dr. Ward Cutler, who has especially studied Ditrichomonas^

a remarkable flagellate from the gut of a termite (10). In

certain Trichomonads are found a row of coarse protoplasmic

granules^ whose correct identity is difficult to recognise.

Cutler calls them " metabolic granules/' and he shows that

in most ways chrome osmium fixation gives the truest picture

of the fixed organism. There is no other branch of zoology

quite like protistology, for in the latter the most perfect

technique is needed and is rarely found. Most protozoologists

publish figures of their bad preparations, with the mistaken

opinion that what they draw is something like the organism

intra-vitam.

7. Ten Common Reagents Used as Fixatives.

These reagents are as follows :

/I. Osmium tetroxide in water.

2. Formaldehyde gas in water.

A. n3. Chromium trioxide in water.

4. Bichromate of potassium in water.

5. Platinum chloride in water.

'Q. Mercury bichloride in water.

7. Nitric acid.

8. Picric acid.

9. Alcohol.

10. Acetic acid.

Chloroform and urea are also used. Jn the group marked
A are arranged the valuable reagents, in b the less valuable

or destructive ones. Good fixatives can be made from the

substances in group a without using any of the reagents in

group B. The latter contains the reagents useful for chromo-

some work, the former reagents useful for fixing the cyto-

plasm and " resting" nucleus.

From group a have been made the following mixtures:

Altmann, Champy, and FJemming and Hermann-witliout-

acetic acid; these are among the best mixtures known. Then

'•i:
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there are formalin (5 per cent, to 10 per cent.), Regaud,

formol-Miiller and formol-Flemming, which are so good for

mammals. Good general micro-anatomical fixatives from

group B are Zenkei*, Bouin, Gilson-Petrunkewitsch and
Schandinn. These all destroy much of the cell-contents, and

give an incorrect picture of the cell, excepting chi-omatinic

structures, for which they are indicated.

8. Penetration of Fixatives.

Penetration is the power that a fixing fluid has of passing

inwards through the cells forming a tissue. The best pene-

trators are alcohol, acetic acid and formalin. Less so

bichromate of potash and corrosive sublimate. Picric acid

also penetrates well. Of the active penetrators, formalin

alone is non-injurious to various lipin and fatty substances;

acetic acid and alcohol are among the most harmful substances

which can be applied to the cell. Osmic acid is a very poor

penetrator.

Very few (if any), fixatives penetrate a large piece of tissue

quite evenly, and the outside of an organ is almost always

fixed differently from the inner regions, because as the

reagents soak inwards, some are altered by chemical action,

and so the qualities of the fluid become altered in relation to

the tissue. In some ways (especially to the cvtologist) this may
be an advantage, for at certain regions of the tissue the most
suitable gravity or strength of the fluid may be arrived ;it

automatically, and so in these regions the cells will be perfectly

fixed. It is doubtful how far in fixing mixtures the separate

reagents keep together.

The problem of producing some fixing mixture which will

penetrate chitin and cyst-walls, and at the same time will not

destroy lipins and fats, is still unsolved. Fixatives like Carnoy
and Petrunkewitsch are not suitable on account of their

alcohol and acetic acid, while formalin does not penetrate

sufficiently well for this purpose. (Steam fixation followed

b}' strong chrome-formalin might be a possible method.)
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9. General Note on the Use of Osmium Tetroxide
(OsO,).

Osmium tetroxide solution, or osmic acid as it is often

called, is the most valuable cytological reagent. Certain

substances, sucli as the unsaturated fat, olein, have the power

of reducing the OsO^ or in other words of being oxidised

by the osmic acid. Besides the fats olein, stearin and

palmitin, which are almost always mixed in animal tissues,

the zoologist is liable to meet lecithin in the form of yolk-

discs. Such discs, as is well known, are never pure lecithin,

but may contain, besides lecithin, a coagulable protein (vitellin),

a free fat and cholesterol. The free fat ma}^ or may not

always be! present in yolk-discs, such as those of frog or snail

eggs, but it is a fact that the discs in these eggs generally do

not go quite black even when the eggs are soaked for fourteen

days in the osmic solution. Mann (22) also has noticed that

lecithin does not reduce osmic acid; when yolk-discs do go

black in osmic acid, it probably means that, not the lecithin,

but the associated free unsaturated fat, has reduced the osmium

tetroxide solution. The ordinary cytologist, who may be

more epecially interested in the morphology and behaviour

of certain cell-granules, only recognises fat, lecithin, glycogen

or starch as they occur in granular form. It is known of

course to most zoologists that the ground protoplasm of the

cell contains a number of lipins which do not appear in pre-

pared sections, but which have been detected by extraction

or desiccation methods. When, however, such materials are

present in such quantities as to form granulations, or to alter

the form of the ground protoplasm, they come within the

pi'ovince of the cytologist.

A reaction well known to everyone is that in which the

myelin sheath of meduUated nerve goes black when treated

fresh in osmic acid solution. Cramer, Feiss and Bullock (8)

affirm that the myelin sheath of medullated nerve contains

only such "lipoids" as phosphatides, cerebrosides and

cholesterin. The phosphatides comprise such substances as

lecithin and kejihalin, the cerebrosides are represented
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by cerebron and the pliospho-cerebi'osides by protagon. It

is obvious that there must be some substance in the nerve-

sheath that reduces osmic acid^ and this serves to warn us that

not every substance which is turned black by osmic acid is

unsaturated neutral fat. Kopsch's method for the Golgi

apparatus (OsO^ for two weeks) is another such reaction in

all probability, but whether the Golgi apparatus does contain

olein we cannot say ; what evidence we have points against

this assumption.

It is clear that the number of animal substances which

have the power of normally reducing osmium tetroxide solution

is limited, but it is at the same time equally clear that osmic

acid alone is not a specific test for fat. As has been pointed

out before, the presence of either chromic acid or bichromate

of potash with the osmic acid prevents the blackening of the

nerve-sheath or of the Golgi apparatus, but not of animal fat.

If a globule in a cell goes black after treatment in Flemming-

without-acetic acid, or Altmann, one can safely assume that

it is fat or contains fat. In addition the polariscope microscope

will be found to help in distinguishing fats and true lipins

(see p. 295), and also Cramer (7).

There is no doubt that some of the more capricious results

obtained Avith osmic acid are due to neglect of proper precau-

tions. Capsules and tubes used for the various osmic acid

techniques should be scrupulously clean ; the water used for

making the osmic acid solution should be distilled and as free

from dust and other impurities ns possible ; the solution of osmic

acid should be kept in the dark ; much discoloured crystals

of osmic acid should be discarded, and very old solutions of

the salt should not be used. If these precautions are taken

it will not be found that OsO^ gives inconsistent results as

certain observers have Avritten.

lU. Osmium Tetroxide, Formalin, etc., and Some
of their Reactions.

(a) Fat and Mitochondria ]*reservation.—Animal

fat usually consists of a mixture of olein, palmatiu and
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stearin, and osmic acid appears to have the power of con-

verting fat-vacuoles into some substance which is not

immediately dissolved out by alcohol, xylol or chloroform.

The general reaction of osmium tetroxide is to turn fat black.

But this is not all ; osmic acid has the poAver of converting

lipins and lecithins into compounds which are insoluble in

alcohol, xylol and chloroform. I conclude that this is so

by direct experimentation on the granules, fntty or lipoid,

found in cells.

The important fact is to be noted that osmic acid is the

only fixative which has the power of preserving fat, lecithin,

and phosphatide (lipin [mitochondria]) at the same time.

Cells containing fat, yolk and mitochondria, fixed in osmic

acid and then passed through alcohol (dehydrating) and

xylol or chloroform (clearing), are found not to have lost

any part of their contents. AVhat, hoAvever, do we find with

formalin, platinum chloride, bichromate of potash and chromic

acid ? Fix such a cell in any of these reagents, and pass it

afterwards through alcohol and xylol or chloroform, and the

fat is removed, while the albumen and phosphatide (lipin,

[mitochondria]) remain. Yolk-discs (lecithin) generally

remain after this treatment, but are often shrunken. Formalin^

is particuhirly active in preserving mitochondria, possibly

more so than the chrome salts. It must be noted that these

reactions do not mean that formalin and the latter salts

themselves destroy fat ; it simply means that neither formalin

nor the chrome salts are able to act upon fat in such a way

as to prevent the latter's being dissolved out in alcohol and

the clearing oil ; but if one takes a piece of tissue and fixes it

in formalin of from 5 per cent, to 10 per cent, or formol-

bichroniate (as of Regaud),and then treats small pieces of the

tissue afterwards in OsO^ solution, or in chrome-osmium, the

fat will be preserved, and will appear in the finished sections.

This is an important point for workers on Vertebrate tissues.

Thus Miiller-fornialin, Zenker-without-acetic acid, chromic

acid and Zenker-formalin preserve mitochondria and not fat

in the finished sections; chrome-osmium, platinum chloride-
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osmium (Hermann), Kopsch and Altmann, preserve both fat

and mitochondria.

(b) Certain fixatives (Ranvier, Kolossow, the old Flemming,

etc.) contain alcohol or acetic acid mixed with osmic acid
;

such mixtures are illogical, because the latter tries to preserve

what the former fluids distort or destroy. In certain cases

it is found that acetic-osmic acid Avill dissolve away mito-

chondria and preserve fat ; this is the reverse of what happens

in the formol-chrome methods of Regaud or Miiller, where

mitochondria are preserved and fat extracted. Among in-

vertebrates especially, the acetic acid and osmic fixatives will

not preserve both fat and mitochondria, but in some vertebrate

tissue the mitochondria are much more resistant.

(c) The reactions of osmic acid with the Golgi apparatus and

the mitochondria are rather difficult properly to understand.

When animal fat turns black with OsO^, it has been supposed

that the OsOj is reduced either to OsOj, OsO, or to metallic

osmium. Another account is that the OsO^ becomes hydrated

to form Os(OH2). Not claiming to sufficient knowledge of

chemistry to enable him to criticise such explanations, the

ordinary cytologist can but try to see how such explanations

accord with practical cytological technique. What he does

find is that a fat-globule not only turns black throughout in

OsOj, but that subsequent dehydration, clearing and em-

bedding (if done carefully) do not cause the globule of fat to

.shrink in size. Obviously the fat must in some way be altered

and made insoluVjle before use of the dehydratory and clearing

agents. The explanation of this is difficult to formulate. One

of my chemical friends has suggested that the osmium is

brought down to a colloidal condition. I hope that this may
be thoroughly examined by a chemist.

If a tissue is left for some time (one to two weeks) in

2 per cent, osmic acid, not only will the fat turn black, but

the Golgi apparatus will go quite black, and in the cases

examined by me the addition of chromic acid, bichromate of

potash and platinum chloride to the OsOj, while not preventing

the fat from going black, does prevent the (lolgi apparatus
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from so doing. In other words, PtCl^, CrO.. and KoCrnOj

inhibit the special osmic acid reaction for the Golgi apparatus.

As an explanation of this, it might be assumed that the

blackening of the Golgi apparatus by osmic acid is an

oxidising process, but that the admixture of a more powerful

oxidiser such as chromic acid to the osmic liquid prevents

the latter from carrying out the reaction. Why, however,

the Golgi apparatus should not go back under these circum-

stances, while fat does so, I cannot say. Kor can one say

whether the substance of the Golgi apparatus which turns

black with OsO^ is a true fat (olein). Apparently it is a

lipin and not a fat.

11. Bichromate of Potash or Chromic Acid with
Osmic Acid, and Fats and Lipins.

Osmic acid alone may on rare occasions turn almost any

cell element black. This largely depends on Avhether the

osmic solution being used is old or freshly made, and often on

certain factors more obscure. In fact the more one uses

osmic acid, the more one is led to believe that its reactions

are very difficult to understand. This must not be interpreted

to mean that it is impossible to get reliable results by using

osmic acid. It was mentioned before (12) that Flemming

fluid without acetic acid does not blacken the Golgi apparatus

in mollusc gonads, while osmic acid alone will. In the

Marchi method to demonstrate degenerate nerves, parts of

the nervous system containing regions of degeneration are

fixed in Miiller (KjCroO^) ; they are then treated in K^CtoO-

and OsOp and it is found that the normal medullated sheaths

will not go black in the OsO^, while the diseased ones will.

As is well known, osmic acid alone will turn the normal

sheaths black. The treatment with the chrome-salt prevents

this reaction taking place in all but the degenerate sheaths.

In nerve degeneration it appears that glycerides of unsaturated

fatty acids are formed apparently at the expense of the lipins

which constitute the normal medullated nerve-sheath. It is

this unsaturated non-phosphorised fat which, according to
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Cramer, is responsible for the " Marclii reaction." For the

zoologist the importance of this is very considerable ; any sub-

stance in a tissue Avhich goes black in Altmann, Hermann or

Flemming-without-acetic is almost (though not quite) certain to

be fat, or a glyceride of the unsaturated fatty acid such as olein.

The zoologist working on development and cytology in

general is satisfied if he is able to identify any substance as

" fat " or " oil," and distinguish it, if possible, from yolk-spheres

or discs. Cramer considers that the sheath of the medullated

nerve contains no unsaturated fat or fatty acid, but only

lipoids such as lecithin, protagon and cholesterin, and he

maintains that all turn black with osmic acid. Not beinof a

skilled histo- chemist, I feel that it may be injudicious for me
to say that I doubt Cramer's statement. Mann (22) states that

lecithin (term used widely) does not become black with OsO^,

and 1 find that the yolk-discs of frog's and mollusc's eggs do

not go Ijlack in osmic acid. I suggest that the substance in

the sheath of medullated nerve which is blackened by OsO^

is not lecithin ; it may be cholesterin or protagon—I feel

vinable to comment on whether these substances do turn black

in OsOj ; the only occasions yolk-discs immediately go black

in osmic acid is when they contain associated unsaturated

fats (Aves) or after Sjovall's method (13). In explanation of

the " Marchi reaction " and the chrome-osmium blackening

effect on fat and not on the Golgi apparatus it may be assumed

that of the two oxidising reagents, the chrome salt is the

most effective in the case of the Golgi apparatus and with

lipoids generally, but does not oxidise the fat completely if

at all.

12. Osmic Acid Vapour Fixation.

It is well known (3) that osmic vapour is very penetrating

and toxic, and rapidly fixes smears and small pieces of tissue.

My friend Dr. Cramer tells me that adrenalin granules in the

suprarenal glands are best demonstrated l)y suspending a

small Organ (or a part of it) in a slightly wet iron gauze bag,

over osmic acid in a gkiss-stoppered tube at 37° C. for one and

a-half hours. By this method the vapour penetrates into the

VOL. 04, PART 3. NEW SERIES. 19
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tissue without the addition of any water. The main point to

note is that substances in a tissue which might be dissolved

out or altered by the water added to the OsO^ crystals are

fixed in situ, and without the danger of alteration. This

method should be of value to histologists and cytologists.

Cramer directly transfers his fixed tissue to 50 per cent,

alcohol aud then up grades to absolute alcohol and mounts

sections unstaiued. My three modificatious of this method

are as follows

:

(a) Fix as above for oue aud a-half Lours and then transfer

to 2 per cent. OsO^ in water at 37° C. for one to several days.

Then wash in water for several hours, dehydrate, embed and

section. Mount unstained, or stain in acid fuchsin (Altmann)

or iron-hfematoxylin.

(b) Or fix as above for one and a-half hours and transfer to

1 per cent, chromic acid, or 3 per cent. KoCr^O^ for several

days. Wash several hours in running water and stain in acid

fuchsin, or mount unstained.

(c) Tissues may also be fixed as above, and then transferred

to Altmann's fluid, and subsequently stained in Altmann's

fuchsin and picric acid. These methods should be useful to

protozoologists. (See section on post-chroming.)

13. New Modifications of Kopsch's Method for

the Golgi Apparatus, etc.

In my previous paper (13) I gave Kopsch's method. It

consists of leaving small pieces of fresh tissue in 2 per cent.

0>X)j for from one to two weeks at room-temperature, then

washing, dehydrating, and embedding. Sections mounted

without staining show the Golgi apparatus and the fat

(sometimes yolk) black. Mitochondria rarely go black,

generally yellowish. This unmodified method is quite good

for Mollusca, Amphibia, and Mammals. It gives poor or

often completely negative results for Arthropoda. Moreover,

Kopscli's unmodified method generally causes bad shrinkage.

The new methods are as follows:
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A. Primary fixation in for- Secondary treatment for

malin (Sjovall) of a suitable several hours or one or two

strength (circa 5-10 per cent.), days in OsO^ of 2 per cent,

followed by slight washing in Then wash in distilled water

aq. dest. several hours and dehydrate.

B.Primai-y fixation in Mann's Secondary treatment for

corrosive osmic (22) or corro- from one to several days up

sive alone for two or three to two weeks in OsO^ of 2 per

hours, followed by aq. dest. as cent. Wash as above,

before.

To increase the power of method b, the secondary treatment

may be carried out in thermostat at a temperature from 20° C
to 40° C. for one or two days.

Note also Kopsch-Altmann, mentioned in my previous

paper (13).

14. The Flemming-without-Acetic Acid and Iron-

Has matoxylin Technique.

Flemming-without-acetic (F.W.A), Altmann or Champy,

are chrome-osmium fixatives, which ai"e admirable when

followed by ii-on-hjematoxylin or Altmann's acid fuchsiii and

picric acid. Since my most successful preparations have been

procured with the F.W.A. iron-haeraatoxylin technique, it may

be useful to other workers to give details of the process.

Small organs freshly dissected out in normal saline, or

parts of organs cut with a sharp scalpel, not more than

5 mm. in diameter, are placed in about 15 c.cm. of one of

the above-mentioned fixing fiuids. A glass-covered capsule

is the best vessel to use, and the material is left for at least

twenty hours, and not longer than one week, I find about

twenty-four hours gives a satisfactory fixation of most tissues.

After fixation the liquid is poured away, and the material is

washed for at least two hours, and not necessarily longer

than five, in running tap-water. It is then passed through

up-graded alcohols, beginning at 30 per cent., giving the

material at least three hours in the strengths 30 per cent.,
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50 per cent., and 70 per cent., and overnight in 90 per cent.

The pieces of tissue are dehydrated two or three hours in two

changes, of absolute alcohol, and then transferred to a mixture

of ha/lf a,bsolute alcohol and half xj'lol for one quarter of an

hour. They are left in pure xylol for another quarter of an

hour, and then a mixture of cold wax and xylol is thrown

into the capsule. The latter is transferred to the thermostat

and left for half an hour, and then the liquid is poured

away and pure melted wax is added. This is left for an hour,

and the block is prepared .and cooled in the ordinary way.

Sections are cut from 4 to 8/i, but I generally find 6 ju

to be convenient. Sections are stuck on the slide with dilute

glycerine and albumen water, and left overnight on the

warm plate. The wax is melted off in xylol, and the sections

are brought through alcohols to distilled water. They are

mordanted from six to ten hours in 4 per cent, iron-alum,

washed once or twice in distilled water, and transfei'red to

haematoxylin of I per cent, for ten to fifteen hours. They

are then washed in tap-water, differentiated in the iron- alum

to the correct degree and washed again for five minutes, and

then dehydrated and mounted ; or they may be counter-

stained in orange G. For Altinann's acid fuchsin and picric

acid stain, a previous fixation or a post chroming in some fluid

containing bichromate of potassium gives the best results;

Altmann's fluid is admirable. (See section on post-chroming.)

15. Formalin and Iron-Hrematoxylin.

For a microchemical test, and for clearly demonstrating

the mitochondria, formalin and irou-hsematoxylin are very

good.

To 25 parts of formalin add 75 parts of distilled or tap-

water (the latter is often more desirable). Neutralise the solu-

tion with magnesium carbonate. Leave pieces of tissue about

the size of one's small finger-nail, in 20-30 c.cm. of tlie fluid for

two days. Wash for half an hour each in 30 per cent, and

50 per cent, alcohol and leave for two hours in 70 per cerit.

;

transfer to 90 per cent, and leave overnight. Finish dohy-
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dration, cleaving and embedding, and stain sections in ivon-

alum haematoxyliii—alum three hours, litematoxylin from five

to nine. In this connection see also Regaud's (28) fixation

method (p. 289) which is admirable for mammalian tissues and

gives splendid results when followed by iron-alum hsema-

toxylin. After Regaud fixation, dehydration need not be

carried out so rapidly.

16. Post-Chroming (Mordantage)

.

To get a good Altmann stain and often to get any sort of

satisfactory stain of mitochondria one must post-chrome, if the

tissue lias not been fixed in a mixture containing bichromate

of potassium.

Material may be first of all fixed in formalin, corrosive

sublimate, Zenker, chrome-osmium or such fixatives as those

not containing alcohol, acetic acid and chloroform, and subse-

quently left for three to seven days in 3 per cent, potassium

bichromate, then washed under tap overnight.

In addition smears or tissues may be fixed in osmic or

formalin vapour for some time (one to two hours), and theu left

several days in the bichromate, washed overnight in running

water, aiul then dehydrated, giving at least Kve hours to each

strength ; in some cases ten hours gives better results. The

tissue may then be embedded, or smears may be brought

down again to water and stained. Post-chrouiing is used in

the methods of Benda and in the latest modifications of

Altmann. The point to be noted here is that the well-known

mitochondrial stains can thus be used even if tissue lias not

been first fixed in a special mitochondrial mixture.

Another post-chroming method, which mordants tissues

prior to staining, is to soak the material in a mixture of

pyroligneous acid (1 part) and chromic acid of 1 per cent.

(2 parts) for one to several days. Then transfer the material

or slides to 3 per cent. K.,Cv-/)- for from tliree days to a week.

17. Osmicated Fat, etc., and Turpentine.

Osmic acid fixatives have the disadvantage, in woiking

with materials containing much fat or yolk, of blackening
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and obscuring tlie sections. Other cell elements may be

obliterated by a cloud of black or brown granules of fat.

Since many of the modern techniques for mitochondria and

Golgi apparatus consist partly in the use of osmic fixatives,

this is a serious difficulty. It can be got over quite easily,

however, as my friend Dr. J. A. Murray has pointed out to

me, by soaking the sections on slide in turpentine oil, which

has been left in sunlight (Bolles Lee, 3). Sections are

prepared by any special osmic or osmic-chrome method, the

Avax is melted off them in xylol, and they are then transferred

to a jar of turpentine. In some cases the black osmicated fat-

globules come awiiy in streams almost immediately ; in other

cases the process must be carried on overnight. When this

method is tried on yolk-grains such as those of mollusc

gonads, the brown or black colour is removed after a few

hours and the yellowish disc or sphere remains. After treat-

ment in turpentine the mitochondria can be stained in irou-

alum hfematoxylin.

I find that the Golgi apparatus in the gut-cells of the rat

and of the newt (Molge) resists this treatment and remains

black, while the fat- and yolk-granules are extracted and de-

colorised respectively. This method is important, and should

be carefully noted by those who have found the diffuse

blackening of cytoplasmic granules in osmic fixation to be a

disadvantage. It can also be used to help in discrimination

between Golgi granules and fat or yolk.

18. The Acid Fuchsin Methyl-Green Modifications

of Altmann's Mitochondrial Stain.

Altinann's acid fuchsin and picric acid stain has in my
liands given satisfactory results, and I have not noticed that

it faded much. By it mitochondria are stained reddish to

reddish-purple according to the sample of fuchsin used, while

the cytoplasmic background is yellowish with a reddish tinge.

The nucleus is reddish. Beusley (2) substitutes methyl green

for the picric acid, and according to Cowdry (6) this modifi-

cation of Altmann's method is one of the most specific stains



CYTOPLASMIC INCLUSIONS Ot^ THE GERM-CELLS. 289

for mitochondria. The latest modification used by Cowdry

(6) is rather complicated and long-; but provided a good

specimen of acid fuchsin is obtainable the result is excellent

and the stain can easily be learnt.

I regard Altmann's, Kull's or the Bensley-Cowdry stain as

a natural and useful alternative to iron-ha?matoxylin.

Regaud's mixture gives excellent results followed by iron-

hffimatoxylin, so both methods can be used for sections cut

from the same block. The same applies to Harry KulFs

method given below (p. 290).

(a) Cowdry's Modification of the Altmanu-
Bensley Stain (Bensley-Cowdry).— (1) Fixation.

—

Regaud's mixture, 4 parts of 3 per cent. KjCr^O- and 1

part commercial formalin (neutralised by saturation with

magnesium carbonate). Ciiange mixture every day for four

days ; mordant for eight days in 3 per cent. K^CVoO-, changing

every second day.

(2) Wash in running water overnight.

(3) Dehydrate, clear and embed in wax; cut 4 /<.

Staining.— (1) Pass slides down through toluol, absolute

alcohol, 95 per cent., etc., to water.

(2) Dip in 1 per cent, potass, permanganate thirty seconds

or so.

(3) Riuse in 5 per cent, oxalic acid thirty seconds. (Note :

Steps (2) and (3) may usually be dispensed with.)

(4) Rinse in distilled water about one minute or longer.

(5) Stain in Altmann's anilin fuchsin as follows : Make a

saturated solution of anilin oil in distilled water b}- shaking

the two together. Filter, and add 10 grm. of acid fuchsin to

100 CO. of the filtrate. The stain is ready in twenty-four hours,

but goes bad in a month. Dry around sections with duster,

cover sections in fuch.'sin, and heat over lamp till anilin fumes

steam off ; allow to cool ; let stain remain on about six minutes,

and return former to bottle.

(6) Blot; rinse in distilled water as long as is experimentally

found convenient.

(7) Pipette a little 1 per cent, methyl green over sections
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for some five seconds or so as indicated. This is the crucial

point of the method,

(8) Drain ; transfer to 95 per cent, alcohol for a second or

two. Absolute, toluol, balsam.

The next method, that of Harry Kull, will be found easier

and quicker in some ways ('Anat. Anz./ xlv, 1913).

(b) New Modification of Altmann's Method (Kull's

M e t h o d , o r C h am p y -K u 1
1

)
.—The followiug method, while

being generally useful, will be found very convenient for

work on Invertebrata. It gives results intermediate between

that of Benda and Altmann, but is shorter and possibly better

than the method of Benda. It will be found very useful for

embryological research, and probably also for protozoology :

Fix in Champy for twenty-four hours. Champy's fluid is

as follows : Seven parts 1 per cent, chromic acid, 7 parts

3 per cent, bichromate of potash, and 4 parts of 2 per cent.

OsO^. Pieces to be fixed must be small. After fixation wash

half-an-hour in aq. dest., and then transfer to a mixture of 1

part acid. acet. pyrolignosum rect., and 2 parts I per cent,

chromic acid for twenty-hours. Wash half an hour in aq. dest.

and transfer to a 3 per cent, solution of potassium bichromate

for tliree days. Wash under tap for twenty-four hours
;
pass

through up-graded alcohols to xylol; embed in paraffin wax

(or celloidin method if desired). Section 4 or 5 /n.

Stain as follows: (1) Stain in Altniann's acid fuchsin

aniline oil mixture (20 grm. of acid fuchsin in 100 c.c. of

aniline oil Wiiter) and heat till steaming.

(2) Set slide aside to cool (this is important), pour off, and

wash in aq. dest.

(8) Counterstain in either a 05 per cent, solution of

Toluidin blue or a saturated solution of thionin in aq. dest.

for one to two minutes.^ Wash in aq. dest.

(4) Differentiate in a 0'5 per cent, solution of aurantia in

' I find less time than this sufficient. Moreover, in my hands the

diffei-entiation period is not during paragraph (4). but during subsequent

treatment in the 96 per cent, alcohol. This is the best stain, other than

iron hsematoxylin, that I have used.
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70 per cent, alcohol for from twenty to forty seconds, watching

process under microscope.

(5) Wash in 96 per cent, alcohol, then absolute, xylol, and
balsam.

The chromatin is blue, mitochondria are red, and the

ground cytoplasm is golden-yellowish to green.

19. Remarks on Silver Nitrate Methods.

One of the oldest methods for the demonstration of cell-

walls is the silver nitrate technique. Fresh tissue is treated

with AgNO.. solution, and the salt is reduced in sunlight.

This method is fairly capricious, and the preparations so

produced are liable to after-blackening. The Golgi apparatus

of Vertebrata especially can be demonstrated b}^ the methods

of Ca.jal and Golgi ; these methods consist essentially in the

fixation of a tissue in formalin followed by a bath of silver

nitrate solution; the nitrate is reduced and then toned.

Those who have not used these methods and whose knowledge

of silver nitrate methods consists of an acquaintance with the

old AgNOg technique for cell-walls are liable to be led away
wrongly by the view that Golgi and Cajal's methods are

capricious and untrustworthy. I find, and several of my
co-workers have found more recently, that these methods are

remarkably uniform in their results provided proper care

is taken. No histological method gives completely uniform

results, l)ut to identify the bodies which one sees in Cajal and

Golgi preparations as artefacts is absurd. That this is so

I hold for several reasons: Firstly, the methods are very

uniform in result, and give the same results on many different

sorts of animals; secondly, the methods of Cajal and Golgi

demonstrate the bodies which are shown by OaO^ (Kopsch's

method) ; thirdly, these silver methods impregnate bodies,

which in the case of germ-cells may be seen in the living cell,

or stained with in tra-vitam stains. Lastly, these methods

demonstrate bodies which can be, and have been, followed

through the germ-cell cycle in all stages. These facts cannot
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be refuted by critics of the silver nitrate methods, and are, I

believe, conclusive.

20. The Golgi Apparatus Method of Golgi.

Ill my former paper (13) on technical methods I gave

Cajal's Golgi apparatus technique. Another method, closely

similar in some ways, is that of Golgi ; both of these

techniques consist in the fixation of the tissue in some fluid

containing formalin, then immersion of the fixed material in

AgNOg for some time, and subsequent reduction of the silver

salt in a fluid containing hydroquinone; in a later stage

excessively reduced silver is toned in '' hypo " mixture.

Two main difficulties in such techniques ai-e firstly to attain just

the right length of time for soaking the material in the silver

nitrate, and then secondly to reduce the silver jnst to the

correct stage. After one or two trials subsequent attempts

generally succeed.

A. Golgi first fixes six to twenty-four hours in the following

mixture :

Formalin of 20 per cent..... 30 c.c.

Saturated sol. arsenious acid ... 30 c.c.

Alcohol of 97 per cent. .... 30 c.c.

J}. Tissue transferred to 1 per cent. AgNOg for from one

hour to several days.

c. Reduced for two or tluee hours in mixture

:

Hydroquinone . . . . .20 grm.

Sodium sulphite . . . . .1 grm.

Formalin ...... 20 c.c.

Aq. dest 1000 c.c.

D. After this the pieces of tissue are washed about ten

minutes in distilled water and then dehydrated as quickly as

possible, and embedded in wax or celloidin and cut about 6/u.

E. Sections on slide are toned (differentiated) in following

mixture

:

(1) Sodium liyposulphite . . . 30 grm.
Ammonium sulphocyaiiate . . 30 grin.

Aq. dest 1000 c.c.

(2) Gold chloride 1 per cent.
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Mix equal parts of solution (1) and (2) just before use. Tone

the sections till the cells look clear and the Golgi elements

stand out. AVash in aq. dest., dehydrate, clear, mount in

balsam (see Pappenlieimer, 25).

As will be noted the fixative contains a good deal of alcohol

which I consider bad technique. AYliile Golgi's method may
give fine result for mammalian material, tliere is no doubt that

Cajal's fixative (4, 13) produces a better result for more

delicate tissues.

Some of the material after fixation in Cajal or Golgi formalin

mixture can be treated as for the formalin and iron-haBma-

toxylin method on p. 286. I find such fixation to give very

satisfactory results apart from the impregnation of the Golgi

apparatus.

21. Chromosome Work and Urea.

It has lately been claimed b}^ Hance (16) that the addition

of about ^ psi' cent, urea to fixatives of the Bouin or

Flemming type prevent the clumping together of chromatin

structures such as chromosomes or chromatin filaments, and

enable the worker to count with ease such difficult chromo-

some plates as those of Vertebrata. My personal experience

of such modified fixatives is at present not extensive enough

to permit me to express an opinion. (For a reference to this

see ' Journ. Roy. Micr. Soc.,' 1917, p. 347.)

22. Vertebrate and Invertebrate Tissues.

It is very rare to find that one single method will produce

the same good result in both Vertebrate and Invertebrate

tissues. In the same way, methods which act satisfactorily

with Amphibia will often give disappointing results with

Mammalia. Osmic-chrome fixation will nearly always be

found excellent for all classes of Invertebrata ; Flemming-

without-acetic acid can be highly recommended. For

Amphibia the addition of some KoCrgO^ to the Flemming is

necessary before a correct fixation of the mitochondria is

obtained ; thus Champy's fiuid was invented for Amphibia

and gives very satisfactory results.
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For mammalian tissues a preliminary fixation in osmic acid

fixatives is not generally indicated ; the tissues of mammals
are far more " fatty '' than those of Invertebrata or Amphibia,

and one finds that the OsO^ becomes reduced very rapidly

and penetration is very poor. For mammalian tissues formalin-

chrome or formalin alone are indicated as a preliminary

treatment at the least. Formalin does not_ destroy lipins,

and by subsequently placing small pieces of formalin-fixed

tissues in osmic acid, a fixation of lipins and fats is obtained

;

the same result may be got by fixing tissues in chrome salts

and then transferring to osmic acid. It should be noted,

however, that previous fixation in a chrome salt prevents the

blackening of the Golgi apparatus ; the formalin-osmic acid

method (Sjovall) is indicated especially for mammalian tissues,

when an impregnation of the Golgi apparatus is required by

means of an osmic method, and the formalin silver nitrate

techniques always give results of value.

23. Dark-ground Illumination and the Cell

Inclusions.
While it is true that vei"y small micro-organisms can be

conveniently seen with the well-known dai-k-ground illumina-

tion, the problem of studying the mitochondria and Golgi

elements by this means is a difficult one. A spirochete or

bacillus floating in blood-plasma lies in a fluid substance of

a different refractive index, while a mitochondrium or a Golgi

rod is generally of nearly the same refractive index as the

protoplasm in which it lies ; in Limnasa eggs the mitochondria

are easily seen with the ordinary microscope illumination

because they are impregnated wil^i a lipochrome, but under

dark-ground illumination such granules are less easily seen.

The Golgi (Xebenkern) elements in Helix spermatocytes are

tolerably well seen in the fresh cell under ordinary direct

illumination, because they difl'er slightly in refractive index

from the protoplasm, but in the nerve-cell the Golgi elements

are to my knowledge imperceptible under the same conditiMns
;

yet both Kopsch and Golgi or Cajal techniques demonstrate
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a Golgi apparatus in both Helix spermatocyte and nerve-

cell. In the former case direct observation reveals that such

staining- techniques impregnate bodies which can be seen

intra vitam.

With the most critical conditions the mitochondria and

Golgi elements can be studied in the live cell using dark-

ground illumination, but this method will not replace fixation

and staining techniques, and at best merely shows granules

as pale rings of light,

24. The Pol arise ope Microscope as an Arljunct to

Cytological Research.

Some help in distinguishing between or merely detecting

substances in the cells of tissues may be gained by the use of

a polariscope microscope. The theory of this instrument can

be read elsewhere (31), but it is well known that those sub-

stances, which are singly refracting, are quite dark between

crossed nicols and remain so during a complete rotation of

the stage, and are called isotropic, while those substances

which show themselves as points of light between crossed

nicols and are alternately dark and ilhiminated when the

stage is rotated are known as anisotropic. True neutral

animal fat is isotropic, while certain lipins are anisotropic (7).

The development and use of this method of examining

zoological material has as yet been inextensive, and it is

possible that such a method of exainining fresh eggs and

embryos ma}'^ yield some interesting facts when used in con-

junction with other cytological methods.

Polarised light will not produce a result in every case ; one

of my most perfect Kopsch (OsOJ slides of the Limnasa

ovotestis, which under the ordinai'y microscope revealed

mitochondria, Golgi apparatus and yolkdii^cs very clearly,

was quite isotropic. This may be due to the OsO^ altering

the optical properties of the intracellular materials. Ovaries

and testes may be teased out fresh in their own juice and

examined intra vitam. This gives the best result, and

possibly the only reliable one.
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25. General Plan for Cytological Research.

The zoologist meets with the following bodies in the cell

Nucleus, and in the cytoplasm, Golgi apparatus, mito-

chondria, fat, yolk, and glycogen. He may also find pigment-

granules.

(1) Some of the material to be worked on must be fixed in

chrome-osmium, of which fluids Flemming-without-acetic

acid, Altmann, and Champy may be tried. In testes, ovaries

and in eggs this is certain to preserve nearly- all the cell

elements, i.e. mitochondria, Golgi apparatus, fat and yolk.

It is doubtful whether glycogen is preserved. On staining,

the mitochondria will go black in iran-haematoxylin, or I'ed

in acid fuchsin (Altmann, Champy-Kull, or Bensley). The

Golgi apparatus may stain in the case of the male gemn-cells,

but not generally in the egg or embryo; yolk is generally

yellowish gi-een-brown, or more rarely black, and remains so

even after the Altmann stain. On staining in iron-htema-

toxylin yolk may or may not turn black ; in the frog this

stain turns yolk black, in the snail it does not do so. In

these preparations fat goes black also ; but fat may easily be

distinguished from other elements by mounting some sections

unstained, or simply by staining- in acid fuchsin (Altmann).

In these preparations what is black is almost certain to be

fat or contain fat, because chrome-osmium alone, so far as my
experience goes, never tuims the Golgi elements or mitochon-

dria black. By this chrome-osmium fixation one gets a good

preliminary survey of the mitochondria and other cell elements.

(2) The next stage maybe taken as follows: Some tissue is

fixed about two days in 5-10 j)er ceiit. formalin, which

should be carefully neutralised in magnesium carbonate.

Dehydration and clearing is carried out in alcohol and xylol

respectively. Staining should be done in iron-haematoxylin.

The result of this technique is to get rid of fat, but to stain

mitochondria densely black. In eggs and embryos the Golgi

apparatus generally does not show, but it may do so in the

male germ-cell?. 'I'lie effect of fixing material in chromiQ
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acid or bichromate of potassium with formalin is neai'ly

the same as with formalin alone ; none of these reagents has

the power of making fat insoluble in alcohol + xylol, but all

have the power of making mitochondria insoluble in the same
reagents. In formalin yolk is preserved, and may go black

in iron-hasmatoxylin, but I do not know of its going red in

acid fuchsin. Fat is lost.

(3) The next step is to attack the problem of the Golgi

apparatus. Two methods should be tried.

(a) Kopsch's osmium tetroxide methods, in which

small pieces of tissue are treated in the osmic fluid (2 per

cent.) for from one to fourteen days, then sectioned and

mounted unstained, or stained in acid fuchsin (Altmann).

The Golgi apparatus will go black ; by this method fat also

will go black, and yolk may do so. The mitochondria almost

always remain yellowish or unstained by the osmic fluid, and
subsequent treatment of the material in acid fuchsin will turn

these granules red. The Golgi apparatus remains black

(see also various Kopsch modifications, p. 284). Such pre-

parations can with advantage be compared and contrasted with

those made by chrome-osmium methods as in paragraph (1).

(b) The other method which should be used is that of

Golgi or Cajal. In my previous paper on tliis subject (13)

I gave the method of Cajal, and I have described that of

Golgi here (p. 292), Cajal's method differs from Golgi's in

one very important respect, i.e. that the latter's fixing fluid

contains a good deal of alcoliol. Both Golgi and Cajal's

silver methods for the " apparato interne reticolare " are

pi'ogressive, and in one block of tissue one may find regions

where no "apparato" is impregnated, regions where only the

Golgi apparatus is impregnated, and regions where both

Golgi elements and mitochondria are black. In typical cases,

however, the latter go yellowish to brown. Material fi.xed in

Cajal or Golgi fixative may be stained in iron-haematoxylin.

(4) As a general rule it is advisable to fix and stain for

glycogen. There are two methods—the iodine (13) and liest's

carmine. Details of these will bo found either in Bolles
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Lee's ' Microtomist's Yade-mecum' or Mallory and Wright's

' Pathological Technique/

(5) Some material should be fixed in a fluid such as that

of Bouin, Carnoy, Gilson-Petrunkewitsch, Zenker or Flem

ming-with-acetic acid, and stained in Ehrlich's haematoxylin

and eosin, or in iron-hasmatoxylin and orauge G. These

preparations are useful for details of spindle-fibres, centro-

some, and especially for ascertaining oxyphility and baso-

phility of ground cytoplasm, or of nuclear bodies. Such

preparations are also a sine qua non where a study of chromo-

somes is to be carried out, because chrome-osmium and other

mitochondrial fixatives not containing alcohol and acetic acid

do not generally give a shnrp picture of chiomatinic structures.

For ascertaining oxyphilitv, amphopliility or basophility

staining in Ehrlich's haematoxylin and eosin or Bie-

brich scarlet gives good result. This method was perfected

by the late Dr. S. G. Scott of the Histology Laboratory,

Oxford. Its main advantage is that it gives a correct

histological picture of the degree of oxyphility or basophility

of any cell body or of the ground cytoplasm, without over-

staining and washing out, which introduces complications.

(a) Bring sections to 90 per cent, alcohol and wipe slide

dry except around sections. Add just enough drops of

Ehrlich's hasmatox^'lin to cover sections. Leave slide on bench

for ten minutes.

(b) Drain away hajmatoxylin, and wash off every trace of

latter witli 90 per cent, alcohol, and then with aq. dest.

(c) Blue the sections in the following standard tap-water

substitute

:

KHCO, . . . . . . 2grm.

MgSO^ + 7HoU 20grm.

Aq. dest 1000 c.c.

Add lump of thymol.

Leave some drops of this mixture on slide fur three to four

minutes, and then wash in distilled water thoroughly.

(d) Wipe around sections, and add some drops of weak

eosin (1 in lOOO in aq. dest.) ; leave ten minutes till pink or
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reddish (control under microscope). (Scott uses particularly

Biebrich scarlet instead of eosin, as the former is less diifuse.)

Drain oif stain, quickly wash in aq. dest.

(e) Blot, dip into absolute alcohol aud quickly transfer to

xj^lol. Mount in balsam.

(6) During the preparation of these sections it is advisable

to examine both fresh and intra-vitam stained teased pre-

parations. The animal is killed by a blow on the head, or if an

invertebrate, by catting off its head, the gonads or other

organs are rapidly removed and pieces are teased in the

animal's own juice (lymph), or less preferably in normal

saline, and examined as soon as possible. After examination

of fresh cells (or eggs) the teased material may be examined

as follows :

(a) Freshly teased cells to which Janus green has been

added (Janus green in normal saline solution, 1 in 20,000

to 1 in 30,000). (Results depend greatly on the particular

specimen of dye.)

(b) Ditto in neutral red, 1 in 10,000 to 1 in 30,000.

(c) Ditto in OsO^ of 1 per cent., and in -weak permanganate

of potassium. (See also 13.)

(7) In addition the dark-ground illumination and the

polariscope should be tried, but it should be noted that

neither of these contrivances at present provide the researcher

with extensive lines of evidence.

26. Conclusions.

In these notes I have indicated the general trend of the

more modern cytology. In the previous paper I gave tables

and figures Avhich should enable workers not familiar with

the cytoplasmic inclusions to identify any given body. The
last few years have seen a great advance in technique, and

workers should now be able to classify and follow separately

any given substance or material in the egg or embryo, as well

as in the gland. •

It should not, however, be considered that the problem of

the cell organs and gianules is solved—far from it—for there

VOL. 64, PART 3. NEW SERIES. 20
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are (especially in gland-cells and protozoa (10) ) enigmatic

bodies, possibl}' of an obscure metabolic nature, whose true

identity has not been established. Nevertheless, I consider

that such rapid advances have been made that there are now
few cell bodies which the zoologist cannot easily identify and

follow during organogeny and gametogenesis.

What is now wanted, and would be of incalculable value,

would be some method which would reveal chromatin in all

its stages, and which would enable us to follow out the inter-

changes between nucleus and cytoplasm.

University College, London ;

June 20th, 1919.
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1. iKTRODrCTlON.

The work described in this paper was undertaken in the

hope of throwing some light on certain curious phenomena
with regard to sex which had occurred in breeding experi-

ments cai'ried on with the body- and head-louse by Hindle

and by Bacot. Hindle (6, 6a) observed that among the

offspring of single pairs of lice, although frequently both

sexes appeared in about equal numbers, quite often the whole

family reared consisted either only of males or only of females,

or in other cases was almost entirely of one sex, with one oi-

two offspring of the other. He also found that when a

female, which, with one mate, had given a famih' of a certain

type, was paired with a different mate, the family might be

of another type, e. g. a female mated with male A gave only

male offspring (fourteen J" J), but when mated with male B
she gave both males and females (three 9 9, one (J ). There

were also indications that the same male paired with two

different females might have offspring of different sexes.

The second remarkable observation in regard to sex was

made by Keilin (7) on material reared by Bacot. Bacot

crossed the male head-louse (P. capitis) with the female
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body-louse (P. corporis), and on making an anatomical

examination of some of these hybrids Keilin found that a

number of them were analogous to the " intersexes " obtained

by Goldschmidt (4, 5) in tlie hybrids between different races

of the moth Lymantria (Liparis) dispar. These^inter-

sexes " can hardly be called gynandromorphs—a name which

implies a sharp division of the body into regions having male

and female characters, but are rather an intimate blend or

tine mosaic of male and female organs or characters. Since

Goldschmidt has based very fundamental conclusions with

regard to the physiology of sex-determination upon his study of

the intersexes of L. dispar, and extremely few other

instances of the kind are hitherto known for comparison, it

seemed that a thorough study of the cytology of the two

parent species or varieties, and if possible of the " inter-

sexual " hybrids, was very desirable.

During our investigation a number of other points of

interest appeared, some of which are dealt with here and to

some we hope to return in a later paper. External events

have at present interfered with the continuation of the work,

and we have not been able to obtain intersexes for examina-

tion, so that the present paper makes no pretence of eluci-

dating the questions in regard to sex which led to our

beo-inning the work. The cytology of the spermatogenesis,

however, is so remarkable, and in some respects so unlike

anything known in other forms, that we think it advisable to

publish our I'esults on the pure species for their own sake and

to return to the subject in a later paper if we are able to

do so.

2. Methods.

The method adopted for breeding the lice required was

that used by Nuttall. The lice (P. corporis) were kept in

small, round cardboard boxes, in the bottom of which a hole

about f in. in diameter was punched and covered with fine

muslin. Each box contains a })iece of cloth for the lice to
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rest on. The boxes were kept in an incubator at about 30^ C,
and were fastened with an elastic band on the Avrist or

leg for half an hour twice each day. The lice feed readily

through the muslin. A number of boxes can be worn at once

without interfering with the activities of the wearer, and for

most people, unless there are very many lice in a box, hardly

any discomfort is caused. P. capitis feeds less readily,

and the boxes containing it should be worn on the person

continuously.

For preserving testes or ovaries for cytological examina-

tion, it was found that the simplest method was to place the

louse in a drop of water on a glass slide under a mounted

lens, behead it with a needle, and while holding the thorax

by means of a needle Avith one hand, cut off the tip of the

abdomen with a scalpel or sharp needle with the other. By
light pressure on the abdomen from before backwards with a

needle it was then quite easy to squeeze out the whole con-

tents, and to place the whole mass, from which the testes or

ovai'ies usually protrude conspicuously, in fixative. In male

nymphs of Stage I, even immediately after hatching, the

testes are almost always clearly visible by this method as

paired bodies like two pears placed with their thicker ends

together; in female nymphs of Stages I and II the ovaries

are less easily seen, but can usually be found without much
difficulty with a little teasing. It is thus possible to record

the sex of nymphs, especially of Stages II and III, quickly

and accurately by this method, without spending the time

and trouble needed for rearing them to a stage when the

external sexual characters become visible.

Several fixatives were tried, but with testes much the best

results were obtained by Flemming's strong solution or

modifications of it. Experiments were also made of dissecting

the lice in water, salt, or in Kinger's solution, and in

Flemming, but in general water gave the best results. For

the study of chromosomes most of our material was fixed in

Flemming without modification, but since in some stages the

chromosomes are closely packed together and difficult to see
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separately, we tried Flemming Avith twice and three times the

normal proportion of acetic acid, in the hope of spreading

them by causing the cytoplasm to swell ; in some cases we got

clearer figures of chromosomes and of axial filaments of

developing spermatozoa by this method. For the study of

mitochondria (which, however, are often well shown in testes

of Pedi cuius fixed with normal Flemming) we used chiefly

Flemming without any acetic (''^ F.w.a."), either of normal

strength or diluted with water. Flemming without acetic,

diluted Avith three times its volume of water ('' F.w.a. y)
gave particularly good results, ^^'e also tried the method

recommended by Champy of treating material fixed in

"F.w.a." (full strength) followed by 3 per cent, potassium

bichromate for forty-eight hours at 50° C, without, however,

findino-anv improvement. The ovaries of older females were

well fixed Avith such sublimate mixtures as that of Gilson. Most

of our sections Avere stained on the slide by Heidenhain's

iron-haematoxylin method. Several other stains and combi-

nations of stains Avere used for comparison, usually Avithout

any great success in elucidating points Avhich the htematoxylin

preparations left obscure. Some of these Avill be referred to

below.

The description Avhich follows is taken from our prepara-

tions of P. corporis, but we have found no essential differ-

ences between P. corporis and P. capitis.

3. Spermatogenesis.

A. General Outline.

The testes are already Avell developed, though small, in

nymphs immediately after they hatch from the egg. At this

stage, and throughout Stage I—i.e. before the first moult

—

they contain only spermatogonia. i These cells are arranged

in groups or follicles, an arrangement Avhich is not very

' The question whether the cells at this stage are spermatogonia

or should properly be called primary spermatocytes will be discussed

below.
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evident among the resting cells, but is clearly seen when
all the cells in one follicle are in division while the surrounding

cells all have resting nuclei. They probably divide a number
of times, for in young Stage II nymphs, i.e. after the first

moult, the testes contain many more cells, some of which are

now beginning to increase in size and are becoming spermato-

cytes. This takes place chiefly at the thicker end of the

testis, nearest the vas deferens, and even in Stage III,

spermatogonia like those of Stage I remain at the distal

end and for a considerable distance along the sides of the

testis, while the interior is filled with spermatocytes and later

stages.

During the growth-phase the spermatocyte enlarges con-

siderably and the mitochondria become conspicuous ; there

is at this stage a large nucleolus. At the close of the

growth-phase the mitochondria coalesce to form a conspicuous

"mitosome," which usually appears vacuolated. At the same

time a deeply-staining round body appears near the nucleus,

which we call the acroblast, since we believe it is concerned

with the formation of the acrosome of the spermatozoon; it

will be discussed more fully below.

After the growth-phase the spermatocytes undergo a

division which is remarkable in two respects. In the first

place, it is the only spermatocyte division, for as far as we

have been able to discover no second division occurs ; and in

the second, it is strikingly unequal as regards the cytoplasm

of the cell, resulting in the separation of a nucleus with a

small amount of cytoplasm from a relatively large cell which

retains the whole mitochondrial body and the " acroblast."

The division is in most respects much like the single spermato-

cyte division of the honey bee, and, as in the bee, the small

cell degenerates without developing fuither, while the large

cell is converted into a spermatozoon. The most remarkable

feature of the later stages is that the centrosome of the

spermatid, as the large cell must now be called, is paired, and

from each centrosome an axial filament grows out, with the

result that in its latest stages each spermatid has two very
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•conspicuous axial filaments. The behaviour of the niitosome

^nd "acroblast" wjll be described below.

B. 'J^he Nucleus and Chromosomes.

In cells of the body of both males and females, and in

-certain cells of the testes which are conspicuously larger than

the spermatogonia, and which, from their occurring singly

between the groups of spermatogonia, are doubtless follicle

-cells, the chromosome number is twelve. We have found

this number so frequently that there can be no doubt of it

(PI. 16, figs. 1-4). In the cells which we call spermatogonia,

however, mitotic figures show equally clearly six chromo-

somes. In equatorial plate and anaphase figures the number

six is always perfectly clear (PI. 16, figs. 6, 8, 9), though in a

few figures in quite young nymphs (Stage I, first or second

-day after hatching from the egg) the chromosomes are visibly

double with an arrangement of the pairs which does not

suggest a longitudinal split preparatory to division (PI. 16,

fig. 7). And in prophases, especially in Stage I nymphs, but

also in the later stages, this doubleness of some of the

chromosomes is more conspicuous (PI. 16, fig. 5). In no male

germ-cell, from nymphs a few hours old onwards, have we

ever found twelve distinct chromosomes such as occur in the

somatic cells; the only possible exception is in the rather

large single cells mentioned above, and we are confident that

these are follicle cells and not cells of the " gei*m-track."

The c^uestion therefore arises whether the numerous testi-

cular cells which in the equatorial plate and later stages of

mitosis clearly have half the somatic chromosome number, are

indeed spermatogonia, or whether they are spermatocytes;

and if they are spermatogonia, what is the explanation of

their possessing the haploid (reduced) chromosome number ?

In favour of their being spermatocj'tes there is, in addition

to their number of chromosomes, the fact that after the

growth phase there is only one cell division—the unequal

division referred to in Sectioii a above. These facts caused



ON THE SPERMATOGENESLS OF THE LOVSE. 309

US at first to regai-d these cells as primary spermatocytes, but

we have been compelled to conclude that they are really

spermatogonia by tlie fact, which appears to us indubitable,

that they divide repeatedly before the growth phase com-

mences. Quite typical mitotic figures with six chromosomes

occur in the testis of Stage I nymphs not yet a day old, at a

time when the testes are very small and contain compara-

tively few cells. Several days later, in young Stage II

nymphs, the testes are much lai-ger, but there has been no

increase in the size of most of the cells, and the number of the

cells is greatly increased. The small cells at the apex of these

older testes, and on into Stage III, have exactly similar

mitotic figures with six chromosomes. It seems evident,

therefore, that these cells are true spermatogonia, but that

for some reason they contain the haploid chromosome

number. On the analogy of the Hymenoptera, we supposed

that possibly the male louse developed from an unfertilised

^gg, and had the liaploid number thi-oughout its germ-track,

but, as will be seen from the section on the maturation of the

egg, this is almost certainly not so. Eggs laid by virgin

females never develop, and no evidence was obtained from

sections of eggs preserved shortly after being laid that the

egg-nucleus ever segmented without conjugating with a

sperm nucleus. The only suggestion that we have to offer,

therefore, is that in Pediculus there is pi'ecocious pairing of

the chromosomes, and that the six chromosomes seen in

spermatogonial mitoses ai-e each double or bivalent consisting

of a pair of univalents united together. If the pairing were not

yet quite complete, this would account for the prophase figures

with double chromosomes, or sometimes with apparently as

many as seven or eight, to which we have already referred.

In this connection we would refer to the work of Wilke (12)

on the spermatogenesis of Hydrometra. His paper is

somewhat obscure, but he writes quite definitely that there

are eleven chromosomes in the spermatogonial mitoses, and

twelve, which he interprets as ten V)ivalents and two uni-

valents, in those of the primary spermatocytes. If he is
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correct, it would appear that in this genus also the spermato-

sronial chromosomes are bivalent.^

The resting spermatogonial nucleus is large in comparison

with the small volume of the cj'^toplasm, and contains a con-

spicuous nucleolus (PI. 16, fig. 5). In Stage II (after the first

moult) groups of these cells in the proximal and middle part

of the testis begin to increase in size, and the mitochondria

become visible in the cell body (PI. 16, figs. 15-17). The

description of these, and of the " acroblast," which appears

rather later, is postponed to a later section. When the cells

have attained their full size the nucleolus disappears, and six

chromosomes appear in the nucleus. With Breinl's stain

(safranin and methylene blue; for method see 'Ann. Trop.

Med. and Parasitology,' vol. i, p. 470) the nucleolus stains blue,

suggesting that it consists of chromatin, which is possibly

used up in tlie formation of the chromosomes ; we have not

followed the process in detail. In the majority of cells at

this stage, Avhich must now be called spermatocytes, six

chromosomes are visible in the nucleus, differing among

themselves somewhat in size, but hardly enough to recognise

them as individuals ; one is sometimes recognisably smaller

than the rest. In some groups of cells, however, it is quite

evident that each of these chromosomes is double (PI. 16,

fig. 10), composed of two short rods which may appear paired

either end-to-end or side-to-side. The rods are so short in

comparison with their width that observations on the mode

of pairing can hardly be trustworthy, but it is fairly evident,

from the degree of separation of the members of each pair,

that the doubleness is due to pairing and not to splitting.

The nuclear membrane now disappears, and a spindle is

formed between two conspicuous centrosomes lying near the

margins of the cell. A striking peculiarity of the spindle at

this stage is that it is always very eccentric, it lies at one

side of the cell, so that the whole of it is contained in

' In a species of G err is, a related genus of Hydrometrida\I findthat

the spermatogonia contain twenty-four and the spermatocytes twelve

chromosomes, wliicli suggests that possil)ly Wilke is mistaken.—L. D.
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considerably less than one hemisphere (PI. 16, fig. 11), the

other side of the cell being largeh' occupied by the conspicuous

mitochondrial body, which by this time is very compact.

The chromosomes became ai'ranged on the spindle in an

equatorial plate, and, in some cases at least, the mitosis has

reached the early anaphase stage, when the form of the cell

undergoes a striking change, which from the comparative

rarity of the stages must take place very quickly. The
spindle elongates considerably, and one pole of it, with its

centrosome, is carried outwards at the tip of a finger-like

process, which in the late anaphase projects to a distance of

half the diameter of the cell or even more (PI. 16, figs. 12,

13, 14). Occasionally it is possible to count six chromosomes

travelling toward each pole, but in the late anaphase the

spindle is extremely narrow, and the chromosomes become so

bunched together that it is rarely possible to see them

separately, especially in the })art of the spindle contained in

the narrow process. The six chromosomes at what may be

called the proximal end of the spindle (the end directed

away from the finger-like process) travel to the pole and
form a vesicular nucleus in the neighbourhood of the mito-

some and " acroblast," which have remained stationary in

the body of the cell. The chromosomes which have entered

the finger-like process pass outwards to its tip and there

form a compact nucleus or chromatin mass. The protoplasm

of the process then seems to round itself off around 'this

nucleus into a little mass resembling a polar body, which at

first is connected with the body of the cell by a narrow neck

(PI. 16, fig. 30), but soon becomes completely separate (PI. 16,

figs. 28, 29). These little masses remain for a considerable

time in the neighbourhood of the spermatids and around

the heads of the developing spermatozoa; they undergo

no further development and seem finally to disintegrate.

As will be seen from PI. 16, figs. 11-14, the whole division has

a close resemblance to the single nuclear division in the

spermatocytes of the hive bee, as described by Meves (10)

and by Mark and Copeland (8), or to the first spermatocyte
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division of Aphids as described by Morgan (11) and by

von Baehr (1). In tlie case of the Aphids a teleological

explanation (if the words may be used) of the unequal

division can be given, for the small spermatocyte lacks a sex

chromosome which is present in the large one. In the bee,

however, no adequate explanation of the phenomena has ever

been given, and we are equally at a loss to account for the

similar behaviour of the spermatocytes of the louse. And in

one respect the louse is still more anomalous, for the bee

resembles all other Hymenoptera in having only one spermato-

cyte division, which is doubtless equational, in correspondence

with the fact that its germ-cells have throughout the haploid

number of chromosomes, since the male is developed from an

unfertilised egg. There is no reason, however, for believing

that this is true of the louse, and though the absence of a

second spermatocyte division is doubtless correlated with the

fact that the spermatogonia have six instead of twelve

chromosomes, there is still considerable obscurity as to the

cause of there being only one spermatocyte division. For it

seems certain that the apparently haploid chromosome

number of the spermatogonia is due to precocious pairing

of the chi-omosomes, perhaps comparable with the paired

arrangement of homologous chromosomes characteristic of the

Diptera (cf . Metz, 9), and this is confirmed by the existence

of conspicuously double chromosomes in the spermatocyte

prophases of well-preserved testes (PI. 16, fig. 10). If^

therefore, the general belief is justified that the heterotype

division is, so to s[)eak, a special incident, due to the pairing

of the chromosomes, intercalated into the middle of an

ordinaiy mitosis which is completed in the succeeding homo-

type division, it should be expected that a second division

would be required in the louse, as in all other known cases

of sexually pi'oduced organisms, to separate the halves of

longitudinally split univalents. In the louse we have found

no evidence of the existence of this split, and it would appear

to be unique in having a heterotype division which is not

followed by a homotype.
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Immediately after the spei-matocyte division described

above, the large cells (as distinguished from the minute polar

cells), which must now be called spermatids, begin the final

stage of their development—their transformation into spermato-

zoa. The nucleus has at first a considerable size and contains

masses of chromatin, and sometimes traces of a reticulum are

visible (PI. 16, fig. 26), but as development proceeds the

nucleus shrinks and the chromatin becomes aggregated into

a mass in the centre (PI. 16, figs. 27-30). The later stages

of the nucleus, when the cell is elongating to form the

spermatozoon, are somewhat obscure, and will be most con-

veniently considered in the section on spermiogenesis

{" spermateleosis ") after the behaviour of the mitochondria,

centrosomes and " acroblast " have been described.

c. Cytoplasmic Structures and Later Development
of the Spermatozoa.

We have not succeeded in demonstrating mitochondria

with any certainty in the spermatogonia. In some cells of

this stage small stained granules appear in the neighbourhood

of the nucleus, but they are not constantly seen, and we are

not certain that when they are present they may not be

artefacts. AVhen the growth-])hase has begun, liowever, a

cloud of staining granules appears at one side of the nucleus,

which is now very excentric and often almost at one margin

of the cell (PI. 16, figs, 15, 16). Almost from its first

appearance this mass of granules is vacuolated, gi^^lng a foam-

like appearance, and a little later the outer vesicles enlarge

or coalesce to form prominent vacuoles enclosing a more

solid, deeply-staining mass. At this stage the appearance of

the mitochrondrial body is that which Gatenby (3) ascribes

to faulty fixation (PI. 16, figs. 18-21), and we are uot prepared

to deny categorically that this may not be the explanation of

the appearances seen in our preparations. Before assuming

that this is so, however, it must be noticed that several facts

point to their being a true representation of the naturnl
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condition. Firstly, cells at this stage fixed in F.w.a. j (dilute

Flemming without acetic) are no less vacuolated than those

fixed in normal Flemniiug. Secondly, in the later stages of

the spermatid we have beautiful figures of the mitosome,

showing a definite and fairly constant structure which we

think can hardly be artificial, and these occur in the same

testes which have the vacuolated mitochondrial mass in the

spermatocytes. Thirdly, the vacuoles of the early stages

appear to play a definite part in giving origin to the structure

of the mitosome of the spermatid. Just as Gatenbj'^ in the

Lepidopteran testes found vesicles coalescing to give rise to

his "mitochondrial spireme," so we find spermatocyte vacuoles

apparently coalescing to give rise to the structure of the

mitosome (PI. 16, figs. 21-24). We think it not improbable

that our mitochondrial figures in the younger cells may have

undergone some distortion in fixation, but we hesitate to

ascribe the whole structure as we see it simply to the action

of the fixative. "We find that in some cells preserved in

normal Flemming, and in all in Flemming with two or three

times the normal amount of acetic acid, the mitochondria are

more or less completely dissolved, but we do not find large

differences in structure in so far as structure is visible.

As the spermatocyte approaches division, the deeply staining

substance of the vacuolated mass of mitochondria becomes

aggregated as a more compact mass, surrounded by a few

large vacuoles which separate it from the surrounding cyto-

plasm, and these vacuoles appear to coalesce into two, which

enclose a central mass between them (PI. 16, figs. 20-24).

The central mass itself does not appear to be homogeneous,

but to contain a space, or sometimes several spaces, enclosing

a substance which stains less deeply. In the spermatocyte

until after the unequal division the whole body is not far from

spherical, consisting of two hemispherical vacuoles enclosing

between them a somewhat ovoid, deeply-staining, more or less

hollow mass.

Before this stage is reached there has appeared near the

nucleus a spherical, deeply-.'^taining body about the si/.e of
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the nucleolus (PI. 16, figs. 10, 14, 25-29). Since it appears

at a time not far removed from that at which the nucleolus

disappears, we thought at first that it might possibly be the

nucleolus which had somehow emerged from the nucleus

into the cytoplasm. Further examination, however, showed

that the extra-nuclear body co-exists for a time with the

nucleolus, aud sections stained with Breinl show that the

nucleolus stains blue, and the extra-nuclear body, which we
provisionally call by the name " acroblast,'^ adopted from

Gatenby, stains purplish-red. In some spermatocytes the

acroblast may be double about the time of its first appearance,

but it is alAvays a single spherical body later. It is probably

constantly present in suitably preserved cells, but it is not

always visible ; we suspect that when it cannot be seen it

may have been dissolved by reagents. The mitochondrial

mass also shows extraordinary variability in staining capacity,

even in adjacent cells in the same section, and it seems

probable that the visibility or apparent absence of the " acro-

blast " may be due to the same cause, whatever this maybe.

We have been unable to determine with certainty either the

origin or nature of the " acroblast," but on the analogy of

the bodies in Lepidoptera, which Gatenby calls by the same

name, we suspect that it belongs to the Golgi apparatus.

Attempts to prove this by Kopsch's method (prolonged

fixation in osmic acid without staining) have, howevei-, failed

to confirm this belief ; in sections of testes treated in this way

we have failed to find the body. Its subsequent history, so

far as we have been able to folloAv it, will be described below

in conjunction with that of the spermatid nucleus.

The chief remaining structure of interest in the developing

spermatozoon is the centrosome apparatus and axial filaments.

There is nothing peculiar about the centrosomes of the

spermatocyte, except the extrusion of one of them with the

small "polar'' cell in the unequal division. Very shortly

after that division, however, when the cell is just beginning

to elongate, it may be seen that the centrosome lying between

the nucleus and the mitosonie is double (PI. 16, figs. 24, 25).

VOL. 64, PART 3. NEW SEKIES. 21
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This stage is difficult to find, for very shortly after the division

^

from each of the halves of the double centrosome an axial

filament begins to grow out (PI. 16, fig. 26) ; the two filaments

arrow back in close connection with the outer sheath of the

mitosome, and appear to have thickenings (" distal centro-

somes ") at their free ends. AVhen they reach the posterior

margin of the cell these distal centrosomes usually remain

on the margin (PI. 16, figs. 21 , 29, 31) ; they sometimes

appear to be carried out a short distance on thin processes

like the antennae of a butterfly (PI. 16, fig. 30), but this

appearance is not constant. A continuation of the axial

filaments grows out bej'ond them as two thin flagella-like

threads, or^ probably through their being twisted together,,

as what looks like one thread (PI. 16, figs. 29-31).

It can sometimes be seen that one of the axial filaments is

thicker than the other, but in consequence of their close

proximity to the edge of the mitosome this is not always easy

to make out (PL 16, fig. 27). Transverse sections of elongating

spemnatids show very clearly the paired axial filaments

running along the mitosome, but completely outside it, and

the same is seen in transverse sections of the tails of well-

advanced spermatozoa. There can be little doubt that the

paired centrosomes and axial filaments are connected with

the absence of a second spermatocyte division.

The mitosome in the spei'matid has the same general

structure as was described above in the niature spermatocyte,

except that the whole bod}- now appears bilaterally symme-

trical, consisting of two outer sj-mmetrically placed vacuoles

enclosing a central, more deeply staining mass. This central

mass often contains a cavity or vacuoles ; many preparations

(e.g. PI. 16, fig. 32) give the impression that it is divided

into two in the plane of junction of the two outer vacuoles,

but it is possible that this appearance is due to the line of

junction of the outer vacuoles running over its surface.

Sometimes the inner mass clearly contains several distinct

cavities (PI. 16, fig. 25). For a time these structures gave us

the impression that there was a spirally-coiled plate lying in
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a non-staining space (cf. PL 16, fig. 28), but closer examina-

tion leads us to believe that this appearance is due to looking

at the body obliquely, and that nothing corresponding with a

'^mitochondrial spireme" exists in Pediculus. As the cell

elongates, the mitosome becomes drawn out in length (PL 16,

figs. 33—35), and at a rather later stage the greater part of it

is contained in a conspicuous swelling towards the posterior

end of the long cell (PL 16, figs. 35, 36, 48a). After this

stage the cells become so attenuated that we do not feel con-

fident in tracing the fate of the mitosome further.

There remains to be described the development of the

anterior end of the spermatid—the nucleus and aci'osome.

In the early spermatid the nucleus lies at what will be the

anterior end, the two centrosomes just behind it, and the

acroblast is behind or on one side of these (PL 16, figs.

33-37). For some time no important change takes place,

but when the cell is considerably elongated the acroblast

comes into contact with the nucleus, Avhich is now small and

spherical, and usually stained evenly and faintly or with a

more deeply staining posterior area next to the centrosome.

The acroblast now becomes pressed against the nuclear

membrane and begins to spread out over one side of it like

a small cap, and then grows forward over the nucleus until

its anterior end projects in front of it (PL 16, figs. 38-41).

In successful Breinl preparations at this stage the nucleus is

stained blue and the acroblast cap red. Most of the staining

substance of the acroblast (as seen in iron-hjematoxylin

preparations, which show the detail much better than those

stained in any other way) is concentrated in the forward

extension, but there is generally a band of more deeply

stained substance running back like a ridge along the middle

line of the cap to another mass at the posterior end close to the

centi"OSomes. The whole structure is so small and the parts

in such intimate contact that it is difficult to make out with

certainty, how much is of nuclear origin and how much is

derived from the acroblast, but in Breinl preparations of this

stage the cap appears red and most of the posterior part blue,
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which confirms our conclusion, derived from hfematoxylin

preparations which shoAv more detail, that at least the whole

of the projecting portion in front of the nucleus is derived

from the acroblast. Whether some part of the acroblast

remains at the posterior end is less certain, but as Breinl

preparations often have a red region just in front of the

centrosomes, it seems probable that this is so. The acroblast.

however, does not seem to give rise to the deeply stained oval

body which lies apparently within the nucleus at the posterior

end of more elongated heads (PI. 16, figs. 42-48) ; this body

does not stain red with Breinl, and we incline to the belief

that it is part of the nucleus. At this stage the whole head

is becoming narrowed and elongated, and the acroblast

projects in front of it as a point, widening behind to enclose

the nucleus ; it appears to have a shape something like that

of the prow of a canoe, or like the cap of an Eschscholtzia

bud when it is split along one side as the flower begins to

open. There can be no doubt that the anterior projection

becomes the acrosome, but as the head elongates the whole

structure becomes so narrow and evenly stained—black with

hgematoxylin and uniform bright red with Breinl—that the

further differentiation is impossible to follow.

D. Pediculus capitis.

The description given above is taken from our preparations

of P. corporis, though a few of tlie figures with which it is

illustrated, especially of the head of the developing sperma-

tozoon, are drawn from sections of P. capitis. We have

found no constant difference between the two forms as far as

cytology is concerned; as far as we have been able to see, the

chromosomes, mitochondrial body, acroblast, centrosomes and

axial filaments are alike in both. The capitis sections gave

the best figures of developing spermatozoa, but it is probable

that this is an accidental effect of technique, and not due to

any real distinction. Our work, therefore, as far as it has

progressed, has not tlirown any light on the cause of the
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production of the intersexes found in the hybrids bred by
Bacot.

4. Observations on the Development, Maturation and Ferti-

lisation OF THE Egg.

We add here a few observations on oogenesis which are

admittedly extremely incomplete, and we give them only to

draw attention to several points of interest which Ave hope

others may take up if Ave are unable to continue the Avork.

We have not succeeded in finding- any indubitable oogonial

di\'isions, but equatorial plates of mitoses in follicle cells of

the more advanced egg-tubes sIioav twelve chromosomes very

clearly. In young oocytes six threads may be counted in the

nucleus in the synapsis stage.

As the egg-tubes develop they become divided into follicles

enclosing the groAving oocytes alternating Avith nuti'itive

chambers. The latter consist of cells with large irregular

nuclei which appear to be degenerating; each nutritiA^e

chamber is anterior to the oocyte in connection with it. As
the oocyte enlarges, a deeply staining rod appears in the

neighbourhood of the nucleus, and becomes a very conspicuous

body in the older oocytes (Text-fig. 1). It is of consider-

able length, often somewhat bent, and appears to consist

of a hard substance, for in transA^erse section the portion in

the thickness of the section is often displaced to some extent

by the razor. Aery often it has a small clear space around

it, as if it had contracted in fixation and had left a space

betAveen it and the yolky cytoplasm of the egg. Sometimes

in older oocytes we haA'e found a shorter accessory rod near

the large one, and in young oocytes we have seen two vei'y

small rods apparently shortly after their first a})pearance, but

most commonly only one is present. Although Ave luiA'e spent

cons;iderable time in searching for its origin, we have not yet

got any clue as to how the rod arises, and its fate is no less

obscure. The egg in the oviduct becomes enclosed in a hard

shell, which cannot be cut Avith a microtome, and in 'egg»
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immediately after they are laid, from which it is not difficult

to peel off the shell, we have failed to find the rod. We

Text-fig. 1.

<Trowing oocyte of P e <1 i c- u 1 n s corporis enclosed in its follicle

;

nutritive cells at the anterior end. The deeply staining rod is seen

close to the nucleus.

believe tjiat the nature and origin of this rod would well

repay fuller investigation.

A no less ejiigmatic structure is present iu the egg at the
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time of layiui^. At its posterior end there is a mass of

irregularly coiled bodies, which stain rather deeply with

haematoxylin, lying at the edge of the yolk. Freshly laid

eggs, even from the same female, differ widely from one

another in the thickness of the layer of finely granular proto-

plasm which surrounds the inner yolky mass. In some

eggs this layer is quite thick, in others ver}' thin, and there

is similar variation in the size and position of the " posterior

mass,'^ as we call for convenience this group of coiled grannlar

substance. In eggs with a thick outer layer the posterior

}nass usually lies in it and does not project into the yolk, but

when the outer layer is thin, it is usually invaginated into the

central yolky substance as a sort of vesicle, filled with the

"posterior mass." We have not attempted to follow the

development of the egg beyond the early segmentation

stages, so we can say nothing about the fate of the posterior

mass; we understand that work on the subject is in progress in

other hands. We would only point out that in appearance the

mass has a very close resemblance to the mass of supposed sym-

biotes figured by Buchner in the egg of certain Hemiptera (2).

We have, however, attempted to trace its origin, but, as in

the case of the rod mentioned above, have not yet succeeded in

doing so. The mass somewhat resembles the degenerating

nuclei of the nutritive chamber of the ovarian oocyte, and

we suspect that it may be derived from it. The difficulty of

this suggestion is that the nutritive chamber is at the anterior

pole of the egg, at the opposite end from the "posterior

mass." Until we have made satisfactory preparations of the

full-grown oocyte in the oviduct, in which we have not yet

been successful, the matter must be left in suspense.

It is by no means easy to obtain satisfactory preparations

of the maturation-divisions of the egg of Pediculus. The

shell is extremely tough and resistant, and though it can be

removed from eggs preserved in Gilson's or Carnoy's fixatives

and subsequently placed in alcohol, we have not succeeded in

.shelling unfixed eggs, and in eggs preserved in their shells the

fixation is not very good. Gilson^s solution gives much better
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results than anything else we have tried. We find that in

order to remove the shell it is necessary that the egg should

be treated with solutions containing chloroform, but it is

possible to use acetic alcohol or acetic alcohol sublimate

without chloroform as a fixative, and to treat the egg with a

mixture of alcohol and chloroform afterwards, in order to

loosen the shell.

Although we have cut sections of a large number of eggs

preserved within an hour or two hours after they were laid,

we have found no case of the actual polar mitotic figures.

Some eggs appear to begin their development in the oviduct^

and to be already segmenting when they are laid, but others

are laid before the conjugation of egg and sperm nuclei takes

place. We have obtained several figures showing two or three

polar nuclei near the edge of the egg (the outer polar nucleus

is very small and apparenth' soon degenerates), and some of

these eggs show either both the egg-nucleus and spei'm-nucleus,

sometimes with the tail of the spermatozoon some distance away,

or if the egg is a little older, the first or second segmentation

divisions may be found. In later eggs the polar nuclei have

disappeared. A curious feature of the later segmentation

divisions is that many of the nuclei appear to be double, or

sometimes triple—that is to say they often consist of two or

sometimes three vesicles in contact, each containing a nuclear

reticulum. AVe have found no evidence that tlie egg may ever

develop without conjugation of egg- and sperm-nuclei.

5. Breeding Experiments.

Since Hindle (6, 6a) found that the offspring of a large

proportion of individual pairs of lice were either all male or all

female, we hoped that by fixing the eggs of such pairs during

the maturation stages we might obtain evidence with regard

to the cytological basis of sex-determination in the louse.

We therefore isolated a number of virgin females and paired

them each with a single male. Altogether eighteen such

pairings were made, in addition to several individuals which

were paired with a second mate after the first mate bad died.
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The original pairings are lettered A-S in the following table,

and when the female of a pair was used again with a fresh

mate, the second pair is represented with the same letter with

a subscript 2, thus C^. The number of eggs laid was nearly

always counted, and sometimes they were reared in separate

successive batches as in mating J, to see whether the sex-

ratio varied between the earlier and later eggs. The sex of

the offspring was determined by dissection, usually in Stage

II. We have to record our indebtedness to Dr. Keilin for

kindly doing some of these dissections while one of us was

away from Cambridge and the other temporarily pi^evented

by indisposition from taking charge of the experiments.

Date of Matings.

Pair.
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As Avill be seen from the table, there was no mating which

certainly gave offspring of one sex only. Bo gave 12 (? and

one female recorded as doubtful out of 19 eggs, and Dj

22 (J and 1 ? out of 24 eggs. The family Eg, which con-

tained only three females, is not large enough to be significant.

The fact that in mating J there was such large variation in

sex-ratio in different batches (in batch 2, 14 females were

dissected in succession and then a group of males found),

suggests that possibly the existence of apparently unisexual

broods may be due rather to chance fluctuations than to a

physiological difference in the parents. Hindle kept no

record of the number of eggs laid, so did not knoAv the mor-

tality rate, but in our experiments in most families the sex of

nearly all the eggs was recorded, except in the last few

matings, in which the conduct of the experiments was acci-

dentally interfered with.

6. Summary.

The main facts of the spermatogenesis have been given in

Section 3 a above. The most important points are as follows:

(1) The somatic chromosome number of both sexes is twelve,

but spermatogonial mitotic figures show only six. There is

.some evidence that these are double, and we ascribe the

existence of the apparently haploid number in the spermato-

gonia to premature pairing.

(2) There is only one spermatocyte division, which is

extremely unequal, leading to the separation of a minute

polar-body -like cell which degenerates.

(3) The centrosome of the spermatid is double, and from

each half an axial filament grows out, so that the developing

.spermatozoa liave two conspicuous axial filaments.

(4) The development of the mitochondrial body is described.

(5) The acrosome is derived from a deeply staining body

which appears in the spermatocyte and becomes applied to

the nucleus of the spermatid like a cap.

(6) The existence of a deeply stained rod, of unknown
origin and fate, in the growing oocj^te, and of a posterior
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mass of stained granules in the mature egg, is shortly referred

to. The egg nucleus undergoes two polar divisions, and

fertilisation appears to be essential if the egg is to develop.

(7) Breeding experiments did not confiim Hindle's obser-

vation that broods consisting only of males or only of females

are frequent. Some broods with great preponderance of one

or the other sex were obtained.
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EXPLANATION OF PLATE 16,

Illustrating Prof. L. Doncaster's and Mr. H. G. Cannon's paper

on "The Spermatogenesis of the Louse (Pediculus

corporis and P. capitis), with some Observations on

the Maturation of the Egg."

DESciapTioN OK Figures.

[The figures are from freeliand drawings, made with Zeiss apoehro-

matic N.A. 14-0. 3 mm. or 2 mm. objectives, and compensating ocular 12.

They are not all exactly to the same scale ; in most of the figures the

magnification is about 3000 diameters ; in figs. 1-4, 6-9, 38-50 it is about

twice as great. All figures are from preparations of P. corporis

except when it is stated in the description that the figure is from

P. capitis. All figiu-es except Nos. 7. 8, 15, 16. 17, 25 are from

drawings by H. G. Cannon.]

Figs. 1-14 illustrate chiefly the chromosomes in spermatogonia and

spermatocytes.

Fig. 1.—Equatorial plate from follicle cell of Stage II testis ; twelve

<-hromosomes. (Flemming. acetic x 2.)

Fig. 2.—Equatorial plate from body-cell of Stage II female ; twelve

chromosomes. (Flemming.)

Fig. 3 (P. capitis).—Equatorial plate from follicle cell of Stage II

testis; twelve chromosomes. (Flemming.)

Fig. 4 (P. capitis).—Equatorial plate from body-cell of Stage III

female ; twelve chromosomes. (Flenuning.)

Fig. 5.—Spermatogonial prophase, Stage III ; chromosomes partially

doulile and nucleolus. (Flemming.)

Fig. 6.—Typical spermatogonial e([uatorial plate. Stage III; six

chromosomes. (Flemming.)

Fig. 7.—Spermatogonial equatorial i)]ate from young Stage I nymph ;

six chi-omosomes. all doulile. (Flemming.)

Fig. 8.—Spermatogonial equatorial plate from yoimg Stage I nymph ;

six chromosomes. (Flemming.)

Fig. 9 (P. capitis).—Spermatogonial e(iuatorial plate from Stage II

male ; six chromosomes. (Flemming.)

Fig. 10.—Prophase of spermatocyte division. Stage II male; six

double chromosomes ; acroblast near the uiitocli(mdrial body. (Flemming,

acetic X 2.)
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Fig. 11.—Metaphase of spermatocyte division, Stage III male:

spindle at one side of the cell. (Flemming.)

Fig. 12.—Early anaphase of spennatocyte division, Stage III male

;

the finger-shaped process has hardly begun to appear ; almost certainly

six chromosomes at each pole. (Flemming.)

Fig. 13 (P. capitis).—Later anaphase of spermatocyte division.

Stage II male : appeai-ance of finger-shaped process ; six chromosomes

are clearly visiljle in the body of the cell ; the pair nearest the centro-

some in the process are not quite certainly separate. (Flemming.)

[N o t e .—The acroblast and mitochondrial body are not preserved in

figs. 11-13.]

Fig. 14.—Late anaphase of spermatocyte division. Stage II male

;

the process has become long and narrow and the chromosomes ai"e

aggregated in its tip ; the large cell retains the mitochondrial body and

acroblast. (Flemming.)

[Note.—The complete separation of the small cell at the close of the

spermatocyte division is shown in figs. 28-30.]

Figs. 15-32 illustrate the development of the mitochondrial body,

acroblast and axial filaments in the spermatocyte and young

spermatid.

Fig. 15.—Young spermatocyte with first appearance of mitochondria.

Stage II male. (F.w.a. \.)

Fig. 16.—Older spermatocyte ; mitochondrial mass showing vacuola-

tion. Stage II male. (F.w.a. i)

Fig. 17.—Older spermatocyte ; mitochondrial mass much vacuolated.

(F.w.a. followed by potassium bichromate.)

Figs 18-21.—Coalescence of mitochondrial vesicles intolarge vacuoles;

the appearance represented in fig. 20 is that most frequently seen. Fig.

18, from section presei-ved in Flemming; figs. 19-21. from smeai"

preparations.

Figs. 22, 23.—Coalescence of vacuoles to form two large vacuoles

enclosing a stained mitochondrial mass. (Smear preparations, F.w.a.)

Fig. 24.—Young spermatid, with acroblast next to the nucleus, double

centrosome, and typical mitosome of simple structure. (Flemming.)

Fig. 25.—Similar stage, from the same individual, with mitosome of

more complex stracture. (Flemming).

Fig. 26.—Beginning of outgrowth of axial filaments ; mitosome iB

optical section. (Flemming.)

Fig. 27.—Further growth of axial filaments, with " distal centro-

some" at posterior edge of cell. Mitosome seen from the side, so that

its bilateral structure is not visible. (F.w.a. |.)
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Fig. 28.—Axial filaments beginning to protrude from cell ; mitosome

seen obliquely. The small cell separated at the unequal spermatocyte

division is near the anterior end of the cell. (F.w.a. 5.)

Fig. 29.—Similar cell from same testis, with fm-ther growth of axial

filaments. (F.w.a. 5.)

Fig. 30.—Similar cell from same testis ; axial filaments united outside

cell (probably intertwined), and distal centrosomes at the end of short

processes. This condition is not general, and is possibly due to arte-

fact. Small " polar
""

cell still attached to spermatid. (F.w.a. 5.)

Fig. 31.—Beginning of elongation of spermatid ; same testis as figs.

28-30. (F.w.a. ^.)

Fig. 32.—Transverse section of same stage as last, from same testis,

showing two axial filaments cut across just outside the mitosome, the

stnicture of which is well shown. The position of tlie nucleus, at a

different focus, is indicated.

Figs. 33-50 illustrate the conversion of the spermatid into the sper-

matozoon.

Fig. 33.—Elongation of the spermatid ; mitosome still vacuolated.

(F.w.a. i.)

Figs. 34-37.—Continued elongation, with development of a swelling

at the posterior end. into which the greater part of the mitosome

becomes concentrated. The structure of the mitosome is no longer

distinguishable. (F.w.a. ^.)

Fig. 37a is an oblique section of the head at the stage of fig. 37,

showing acroblast. two centrosomes and nucleus.

Figs. 38-50 illustrate the development of the head of the sperma-

tozoon.

Figs. 38-42 (P. capitis).—Application of acroblast to the nucleus

(figs. 38, 39). its spreading forward like a cap (fig. 40) until it forms a

projection in front of the nucleus (fig. 41, face vicAv, fig. 41a side-view).

Fig. 42 shows the deeply staining body at the posterior side of the

nucleus, apparently connected with the acrosome by a band. ( Flemming.)

Figs. 43-49.—Elongation of the head and formation of the projecting

acrosome from the anterior portion of the acroblast. The stained body

at the posterior end of the nucleus is shown especially in figs. 45-47. and

figs. 45a and b represent optical transverse sections (a) through it, and

(B) in front of it. (All F.w.a. }.)

Fig. 48a represents a complete spermatozoon at the stage of fig. 4^.

from a smear preparation. (Smaller scale.)

Fig. 50.—The head of a nearly matiu-e spermatozoon ; smear

preparation.
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1. Inthodcctoky.

In the course of observations on the columnar epithelium

cells of the cat's intestine, it was noticed that the Cajal formol-

silver nitrate method for the Golgi apparatus sometimes

demonstrated one or more intra-nucleolar granules. In this

paper an attempt has been made to describe these bodies in

the resting cell and their behaviour during mitosis.
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The term " nucleolus " is somewhat indiscriminately applied

to one or more bodies, usually rounded or oval, lying within the

nucleus. When these structures are basophil in staining reac-

tion the\'^ are termed " karyosomes " or " chromatin nucleoli "
;

when oxyphil, " plasmosomes " or sometimes " true nucleoli."

Throughout this paper the term "nucleolus " is used as a general

term comprising both karyosome and plasmosome, there being,

so far as I am aware, no other word available—unless a new

term were created, which does not seem desirable.

I am indebted to Mr. E. S. Goodrich for advice and criticism.

I am also glad to take this opportunity for thanking him for

his many kindnesses to me when a student. To Prof. C. S.

Sherrington ray warmest thanks are due for his interest in

my work, while to my friend, Mr. J. Bronte Gatenby, formerly

of this Department, I am indebted for training in cytological

technique. Finally, part of the work was done in the Zoology

Laboratory of University College, London, for which I have

to thank Prof. J. P. Hill.

2. Previous Work.

In the abundant literature upon the nucleoli of animal

cells, many references may be found to intra-nucleolar inclu-

sions, especially in the nucleoli of oocytes.

Some authors have observed intra-nucleolar granules in

fixed and stained material (3, 8), Avhile others have described

vacuoles (6, 11). Finally, a few observations have been

made upon the nucleoli of cells examined intra-vitam (1, 2).

Montgomery, in a remarkable paper (11) upon the nucleolus,

gives a chronological summaiy of the literature containing

references to intra-nucleolar bodies and vacuoles. Unfor-

tunately most of the observations on these have been made

either upon fixed and stained tissues, or on cells examined

intra-vitam. Many of the observations were made on

material fixed and stained by the crudest methods. It is

therefore diflBcult to distinguish between what may have been

artefact and what was not.
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The following references will illustrate the scope and nature

of the observations hitherto made upon nucleoli:

Haeckel (17) states: "Endlich findet man in vielen Eiern

(aber nicht in alien) innerhalb dieses Keimfleckes noch ein

innerstes Piinktchen, einen Nucleolinus, welchen man Keim-
punkt (Piinct-um germinativiim) nennen kann/'

Montgomery (11), summarising his personal observations,

says :
" In agi-eement with the majority of observers, I can

attach no particular morphological significance to the nucleo-

linus ; it appears to be only a detached portion of the nucleolar

ground substance, to be in most cases absent, and when
present to vary greatly in regard to size, position and
number. It is undoubtedly the case that many structures

which have been described as nucleolini are in reality minute

vacuoles, which from their refrangibility appear to be

granules. . . ."

Maziarski (10), in an interesting study of the nucleus of

the intestinal epithelial cells in Isopod Crustacea, notes that

plasmosomes frequently contain basophil granules which he

homologises with the chromatin.

Prenant, Bouin and Maillard (12) say of the nucleolus:

" Au lieu d'etre homogene, comme c'est le cas habituel, il

offre parfois une structure. . . . Bien d'autres complica-

tions structurales ont ete sigiialees dans certains nucleoles ;

une membrane d'enveloppe, etc.''

No observations, so far as I am aware, have been made
upon nucleoli in material treated by the Cajal method for

the Golgi apparatus, with the exception of those of P. del

Rio Hortega (9). This worker has noted that in mammalian

ova " la tache germinative ou nucleole ovulaire apparait par

les methodes de I'urane comme constituee par des granulations

argentophiles disposees peripheriquement au nombre de quatre

a six ou par petits batonnets alignes dans la direction trans-

versale ; le nucleole forme une espece de petite vesaie claire

d'oii se detachent vigoureusement ces granules." In some

of the figures in Cajal's memoir (4) on the Golgi apparatus

intra-nucleolar bodies are depicted, but no reference is made

VOL. 64, PART 3. NEW SERIES. 22



332 H. M. CARLETON.

to tliem,^ Furtherj I am not acquainted with any observations

on intra-nucleolar inclusions in intestinal epithelial cells of

vertebrates either by the Cajal or any other method.

Throughout this paper the intra-nucleolar body studied has

been termed a nucleolinus. There are at least eleven ternis

which have been applied to intra-nucleolar inclusions. Out

of these I have chosen the word " nucleolinus," such a course

seeming wiser than to burden cytological literature with yet

another new term.

3. Material and Methods.

It was found that the formol-silver nitrate method of

Cajal (4) sometimes demonstrated the nucleolinus of the

columnar epithelial cells of the cat's small intestine Avith

extraordinary clearness. In such preparations the nucleo-

linus was the only impregnated structure within the nucleus.

As counterstains hfematosylin and eosin (used according

to Scott's method (13) ), Mann's methyl blue-eosin, pyronin-

methyl green, and toluidin blue-eosin were used. For the

study of the behaviour of the nucleolinus during mitosis,

safranin gave the most valuable results, as its clearness of

definition was found to be less affected by the silvering

process than was the case with other stains.

In the cat the best preparations were obtained by using

the Cajal method unmodified, the technique of which I have

described elsewhere (5).

In the case of the frog, however, it was not found possible

to demonstrate the nucleolinus by the standard Cajal method.

After many attempts with various modifications of the original

' Since the above was written, Cajal's " Manual de Histologi'a

Normal" has come into my hands. In this very remarkable text-book,

which those who regard mitochondria and Golgi apparatus as artefacts

would do well to study, Cajal refers to nucleolini as being frequently

artefacts. He adds, however, that within the nucleoli of nerve cells " se

obsei-van clai*amente esperulas interiores y una materia intersticial."

[p. 201.]



OBSERVATIONS ON AN INTRA-NUCLEOLAR BODY. 333

the following- teclmique gave almost invariably successful

results

:

(1) Fixation for ten to eleven hours in the uranium

nitrate-formol mixture made up thus :

Uranium nitrate ... 2 grm.

Formol (40 per cent.) . . 6 c.c.

Aq. dest. . . . . . 100 ,,

(2) E in sing the pieces of tissue in aq. dest. for a few-

minutes.

(3) Impregnation with a 3 per cent, solution of silver

nitrate for thirty-six hours.

(4) Rinsing in aq. dest.

(5) Reduction in the standard solution for one to one

and a-half hours.

The material was then washed in water, dehydrated in

ascending grades of alcohol, cleared with xylol, and imbedded

in wax in the usual manner.

As may be seen by comparison with the ordinary Cajal

method (4, 5), the above technique differs from it in (a) the

greater uranium nitrate content, 2 grm. instead of 1, and

(b) the strength of the silver nitrate-solution—3 per cent,

instead of 1*5 per cent. For reasons Avhicli I am unable to

explain, the action of this modified technique for the nucleolini

of the columnar cells of the intestine of the frog is such

that these elements are generally the only impregnated

.structures within the cells, the Golgi apparatus being only

very rarely demonstrated.

In addition to the original and modified Cajal methods,

control observations on the nucleolini were made by ordinary

cytological technique. Teased intestinal mucosa was also

examined intra-vitam and with intra-vitam stains.

4. The Nucleolinus in the Restixg-Cell.

(a) In the Cat.—In a successful Cajal preparation of the

intestiual epithelium the following structures may be seen :

(i) The Golgi apparatus, appearing as a coarse, irregular
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reticulum, impregnated black, the interspaces of the network

clearer than the surrounding ground cytoplasm.

(ii) The mitochondria, impregnated golden to dark-

brown. It is a curious fact that only the mitochondria in the

outer portion of the cells (i.e. between the nucleus and the

striated border) are demonstrated, the mitochondrial group

lying between the nucleus and the base of the cells being

never shown by this method, although Champy-iron haema-

toxylin prepai-ations demonstrate its presence. That this

curious selectivity is not due to the silver impregnation

failing, to penetrate the whole depth of the cells, is shown

by the fact that this diiferentiation holds good for all the

columnar cells throughout the thickness of the intestinal

mucosa. It can probably be asci'ibed to chemical differences

in the two mitochondrial groups.

(iii) The nucleolini, impregnated black, and sharply

differentiated from the surrounding nucleolar substance.

Eeference to PI. 17, fig. 1, will make clear the various

impregnated elements within the cell.

Cajal preparations counterstained with safranin show the

nucleolini black, the nucleoli and chromatin pink. The

nucleoli number from one to three—most generally two

per nucleus. Each nucleolus may contain as many as five

nucleolini, but the vast majority have but one or two. The

intra-nucleolar bodies are usually round, more rarely stumpy

rodlets, measuring approximately 0"2 to 0*5 /n in diameter.

Reference to the nuclei drawn in PI. 17, figs. 2 to 5, will

illustrate this.

Now sections of Cajal material stained with pyronin-methyl

green show the greater number of the nucleoli to be karyo-

somes, i.e. they stain with the methyl-green component like

chromatin. A few of the nucleoli, however, stain more i*ed

than green, thereby approximating the staining reaction of

plasmosomes. Observations on the same material counter-

stained with haematoxylin and eosin, used according to

Scott's method (13), and IMann's methyl blue-eosin, give

similar pictures of a gradation from basophility to oxyphility
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in some of the nucleoli. Variations such as these have been

noted Avithin a single crypt.

Occasionally a small^ deeply-impregnated granule (see

PI. 17, fig. 2), may be seen inside the nucleus, within the

chromatin reticulum, often in close proximity to the nucleolus.

Its nature I do not know
;
possibly it represents the nucleo-

linus of a degenerated nucleolus or an extruded nucleolinus.

The fact that several nucleolini are often found within

a single nucleolus suggests that these bodies can undergo

division. Often two may be seen lying in the closest

proximity, while sometimes the nucleolinus appears as a

dumb-bell- shaped body. In the cat, however, these intra-

nucleolar inclusions are so minute that observations on their

division are very difficult.

In addition to the Cajal technique, control observations

Avere made after fixation in Champy's fluid and staining in

Heidenhain^s iron-h^matoxylin. It was found that after

prolonged differentiation bodies within the nucleoli, exactly

similar in size, etc., to those impregnated by the silver

method, could be demonstrated. Owing to their affinity for

the hasmatein being almost equal to that of the surrounding

nucleolar material their differentiation is no easy matter, and
is best controlled with a Avater-immersion lens.

(b) The Nucleolinus in the Frog (Rana tem-
po r aria).—The body Avas demonstrated by the modified

Cajal technique described above. The nucleolinus is larger

than in the cat, being approximately 1 to lofx in diameter.

Its shape also is more A^ariable. Rarely are there more than

two nucleolini per nucleolus, Avhile the latter Usually number
one or two in each nucleus.

The nucleoli of the columnar cells of the frog's intestine

are plasmosomes, as is evidenced by their oxyphility after

staining with hgematoxylin and eosin, Mann's methyl blue-

eosin, and pyronin-methyl green. In the nucleoli depicted

in PI. 17, figs. 8 and 9, the nncleoli Ave)'e bright red, the

nucleolini black, and the chromatin green, in shape the

nucleoli are generally round or oval (PI. 17, figs. to 9).
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There seems but little doubt that the nucleoli are capable of

multiplication. The most usual mode is apparently by trans-

verse fission, the nucleolus elongating until it is a rodlet with

rounded ends, and then dividing transversely. That the

nucleolinus participates in the fission of the nucleolus is very

probable ; it ma}"^ often be seen to have a median constriction ;

Text-fig.

A to D show the usual mode of multiplication of the luicleolus

and the nucleolinus. The former elongates and finally divides

transversely. The nvTcleolinus also divides, a portion of it being dis-

tril)uted to each of the daughter-nucleoli. Fig. E shows division

of the nucleolinus unaccompanied by that of the nucleolus. Frag-
mentation of this sort is relatively rare. All the figures represent
nuclei of columnar cells from the intestine of the frog. The nucleo-
liniare black. Majjuification circa 2690 diameters.

often there are two nucleolini lying in the closest proximity

within the nucleolus; or they may be situated one towards

each end of it. These stages may be easily observed in

impregnated material counterstained with safranin. There

does not appear to be any fixed stage in the process of

nucleolar division at which fission of the nucleolinus takes

place. The latter, in fact, frequently divides into two within



OBSERVATIONS ON AN INTRA-NUCLEOLAK BODY. 337

a nucleolus which is appai'ently unprepared for multiplication.

But nevertheless theie does seem to be a continuity of the

substance of the nucleolinus diiring the division of the

nucleolus.

The fact that in well-impregnated pieces of epithelium the

nucleoli, when they number two per nucleus, always contain

each a nucleolinus, is strongly suggestive of the continuity

of these bodies in daughter-nucleoli.

Keference to the Text-figure will, I hope, make this

clear.

Control observations, after fixation in Bouin's or Champy's

fluid and staining in toluidin blue-eosin after the former,

and iron-ha3matoxylin after the latter, demonsti*ate the nucleo-

linus (see PI. 17, fig. 14).

In addition, the nucleoli wei'e studied intra- vitam and with

intra-vitam stains; of these pyronin of 1 in 1000 in frog

Ringer stained the nucleolus very sharply. But the latter

always appeared to be perfectly homogeneous with all

methods.

Examination with the dark-ground illumination also failed

to demonstrate the nucleolinus. The probable reason for the

failure of intra-vitam observations to demonstrate the

nucleolinus is that the refractive index of this body is the

same as that of the nucleolus. There are, of course, other

instances of intra-cellular structures rai'el}' visible intra-

vitam, e.g. the Golgi apparatus.

5. The Nuclkolinus during Mitosis.

The study of the behaviour of the nucleolinus during cell-

division was restricted to the intestinal epithelium of the frog.

For here the nucleolinus is comparatively large, while its

impregnation is less capricious and more selective than in the

case of the cat. The last is an important point, for in the

majority of the intestinal cells examined (including all the

mitotic figures observed) the nucleolini were the only impreg-

nated elements within tlie cells. There could thus be no
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question of the nucleolini being confused with Golgi apparatus

or mitochondrial elements.

In the early prophases of mitosis the nucleolus disappears

in so far as can be ascertained by ordinary cytological tech-

nique. Nor does it become again apparent until the separation

of the daughter-cells is complete.

Now the study of Cajal material, treated by the modified

technique and counterstained with safranin, demonstrates the

behaviour of the nucleolinus during cell-division. In the

early prophase of mitosis, as drawn in PL 17, fig. 10, the

spireme is beginning to undergo segmentation. There are ,

two dumb-bell-like nucleolini, which, judging by their shape,

are about to divide. Fig, 11 depicts a somewhat oblique

section across an equatoi'ial plate. The chromosomes are as

yet undivided, but the bodies now form two pairs. The stage

represented is a late prophase. Fig. 12 sliows an early ana-

phase; the arrows indicate the direction of mitosis, for the

section is somewhat oblique. The two chromosome groups,

each with a pair of nucleolini, ai*e nevertheless clearly

visible. In fig. 15 a late anaphase is depicted, the two groups

of daughter-chromosomes are far apart, the interzonal fibres

being faintly visible between them. Each group contains two

nucleolini, the upper right-hand one appearing to be about to

divide. Fig. 16 shows a still later (telophase) stage. The

nuclear membrane has re-formed, the chromatin is beginning

to become differentiated into isolated condensations, while the

nucleolini are clearly visible as a pair of granules in each

daughter-nucleus. In fig. 13, which represents a ti*ansverse

section of the equatorial plate of a prophase, it will be seen

that there are only two nucleolini. I have observed this in

other prophases, and have come to the conclusion that in all

probability the division of the nucleolini often may not occur

until the later stages of the prophase. The presence of two

nucleolini in the prophase stage is strongly suggestive of the

derivation of each from a separate nucleolus, for the majority

of nuclei of resting cells contain two of these bodies.

It must be noted that in the original prepai'ations the
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nucleolini are impregnated black in a perfectly specific

manner, while the chromosomes are red and the cytoplasm

pinkish—colour contrasts impossible to indicate in pen-and-

ink drawings. Xor has any attempt been made to count and

depict the exact chromosome number, as, apart from the fact

that this would be without any direct bearing on these

observations, the safranin does not give a sufficiently precise

stain to enable counts to be made on material which has been

previously subjected to the Cajal technique.

A compai'ison of the size of the nucleolini in resting and

dividing cells shows that the former become distinctly smaller

daring mitosis. It may be added that the nucleolinus was

observed in both recently metamorphosed and fully grown

frogs.

6. Discussiox.

It is, of course, impossible to make sweeping generalisations

on the nature of the nucleolinus from observations on it in

only two different species of animals.

Nevertheless, the fact that such a body can be demonstrated

by the Cajal method indicates that it must be of a different

chemical nature to the surrounding nucleolar substance, since

it possesses, under certain conditions, a specific aflfinity for

silver not shared by the other nuclear constituents.

Furthermore, that the nucleolinus should be present in

both karyosomes (in the cat's intestine) and in plasraosomes

(in that of the frog) shows that this body is not peculiar to

one of these types of nucleoli.

From the behaviour of the nucleolinus during mitosis I

believe that there is undoubted continuity of its substance

from one cell generation to another in the case of the

columnar cells of the frog's intestine. This, of course, is in

marked contrast with the fate of the plasmosome with which

it is associated, the latter body appai-ently disappearing

during cell division. Montgomery (H), with I'egard to this,

says: "There is no substantial basis for Zimmermann's con-

clusion ' omnis nucleolus e nucleolo,' or more strictly speaking,
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that the nucleolus in most cases is not derived from a

previously existing one." By the term " nucleolus," be it

noted, Montgomery means a plasmosome.

As to the significance of the nucleolinus, it is possible that

this body initiates the formation of the plasmosome around

itself at the completion of mitosis. If this be so, the nucleo-

linus would be, so to speak, the precursor of the nucleolus.

In this case Zimmermann's statement (14), " omnis nucleolus

e nucleolo," would be true, in so far as continuity of a

specialised portion of it—the nucleolinus—was concerned.

The only intra-nucleolar bodies which can, with any degree

of certainty, be homologised with the structures described in

this paper, are the minute granules or rodlets discovered by

P. Del Kio Hortega (9) in the nucleoli of ovarian oocytes (see

p. 381). This observer used the same technique as myself.

7. Summary.

(1) The presence of one or more intra-nucleolar bodies in

the columnar cells of the intestinal epithelium in the frog and

cat has been demonstrated. To these inclusions the term

" nucleolinus/' originally introduced by Haeckel, has been

applied.

(2) By a modification of the Cajal technique for the Golgi

apparatus, the nucleolinus has, in the frog's intestine, been

impregnated in a perfectly specific manner.

(3) Tlie presence of nucleolini both in karyosomes (e.g.

cat) and in plasmosomes (e.g. frog) in the columnar intestinal

cells shows that they are not restricted to one of these types.

of nucleolus.

(4) Evidence has been adduced showing that division of

the nucleolus (plasmosomes) in the resting cell is in all proba-

bility accompanied by fission of the nucleolinus.

(5) During mitosis the nucleolinus has been shown ap-

parently to divide, a portion or portions of it being distributed

to each of the daughter-nuclei. This is in contrast to the

behaviour of the nucleolus (plasmosome), which disintegrates

during cell division.
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(6) The presence of the nucleolinus has been confirmed in

the columnar cells of the intestinal mucosa in both the frog^

and the cat by other and simpler methods than the Cajal

technique.

(7) The significance of the apparent continuity of the

nucleolinus has been very briefly discussed.

October, 1919.
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EXPLANATION OF PLATE 17.

Illustrating Mr. H. M. Carleton's paper on " Observations oh

an Intra-nucleolar Body in Columnar Epithelium Cells

of the Intestine.'^

CR. Chromatin reticulum. CS. Chromosomes. GA. Golgi apparatus.

IF. Interzonal fibres. MI. Mitochondria. KY. Karyosome. PL. Plas-

mosome. SB. Striated border of columnar cells. SP. Spireme.

X. Nucieolinus.

[All the figm-es were outlined with camera lucida, paper at table level,

with Koritska yVth oil immersion and Xo. 12 compensating eye-piece.

Present magnification of fig. 1 is 1720 diameters, of figs. 2-16 3.58U

diameters approximately.]

Fig. 1.—Columnar epithelium cells from duodenum of cat, showing

Golgi apparatus, mitochondi-ia and nucleoliniis. Cajal-safranin.

Figs. 2 and 3.—Nuclei from same material, showing nucleolini

within the k;iryosome. Cajal-pyronin-methyl green technique. In the

original preparation the nucleolini are l)lack, the karyosomes and the

chromatin network green.

Figs. 4 and 5.—Same as figs. 2 and 3. These figures show the

variations in the number of nucleolini, etc. Cajal-safranin.

Figs. 6 and 7.—Xuclei from intestinal epithelium of frog. Modified

Cajal-safranin.

Figs. 8 and 9.—From intestinal epithelium of frog. Modified Cajal

technique counterstained with pyronin-methyl green. In the original

preparations the nucleolini are black, the nucleoli (plasmosomesj bright

red, and the chromatin green.

Figs. 10 to 16 (with the exception of No. 14) all represent mitotic

figures from the columnar cells of the frog's intestine. With modified

Cajal-safranin technique employed, the nucleolini alone were impreg-

nated black, chromosomes being stained red and the cytoplasm pink.

Fig. 10.—Early prophase ; spireme beginning to segment ; nucleolini

apparently about to divide.

Fig. 11.—A later prophase, section somewhat ublitpie. sliowing

equatorial plate and two pairs of nucleolini. Arrows in this and

succeeding figure indicate direction of mitosis.

Fig. 12.—Early anaphase, section rather oblique. The two chromo-

some groups are indicated, each with one pair of nucleolini.
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Fig. 13.—Prophase; equatorial plate in transverse section. Only two

nucleolini present.

Fig. 14.—Nucleus from intestinal epithelium of frog. Fixed in

Bouin and stained in toluidin blue-eosin. The nucleoliuus is plainly

visible.

Fig. 15.—Late anaphase. Two groups of daughter-chromosomes

each with two nucleolini.

Fig. 16.—A still later (telophase) stage. Xuclear membrane re-

formed. Two nucleolini in each daughter-nucleus.
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The Effects of Ions upon Ciliary Movement.

By

J. Cri-ay, JI.A.,

Fellow of King's College, Cambridge.

With 6 Text-figures.

The experiments described in this paper constitute an

attempt to determine the necessary external conditions whicli

support ciliary action. Concerning the mechanism of the cell

itself practically nothing is known, and comparatively little

work has been done to determine the factors involved by the

external medium. In 1902-1906 R. S. Lillie published a

series of papers dealing with ciliary action ; since then our

knowledge of the physical chemistry of solutions of electro-

lytes has greatly increased, and it seemed desirable to re-open

this line of investigation.

Almost from the beginning of the present series of experi-

ments it became apparent that the hydrogen-ion was a factor

of supreme importance. Although the work of Sorensen and

Palitzch (6) has made the determination of the hydrogen-ion

concentration of any particular sample of sea-water a com-

paratively simple matter, yet the conditions which determine

this value are by no means clear. Sea-water contains calcium,

magnesium, carbonates and phosphates, all of which influence

the alkalinity, and at the same time form a complex chemical

equilibrium with the carbon dioxide of the air. It will

therefore be seen that if the equilibrium is upset by varying

the amount of any of these constituents of sea-water the

control of the hydrogen-ion concentration of the solution is
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not an easy problem. It is quite clear that it is not permissible

to compare the physiological effects of solutions unless their

hydrogen-ion concentrations are adequately controlled—in

other words, the qualitative effects of such ions as sodium,

calcium or magnesium can only be studied when the hydrogen-

ion factor has been excluded. The importance of this factor

can hardly be exaggerated.

It is admitted that the results obtained neither indicate

any specific property of the metallic ions contained in

sea-water, iior are they of suflSciently critical value to

exclude the existence of such properties. It would appear

that such results will only be obtained when it is possible to

find satisfactoi'y experimental conditions for controlling the

hydrogen-ion concentration of artificial salt-solutions for long

periods of time. For example, a solution of isotonic calcium

chloride rapidly changes its hydrogen-ion concentration owing

to absorption of CO, from the air and subsequent precipitation

of calcium carbonate. Such a solution, of course, forms an

extreme case, but the importance of this point is made evident

in the following pages.

The material chosen for this work was the gills of

My til us edulis. It is simple to obtain, and the gill

structure has been carefully observed; further, fragments

of gills form a highly satisfactory subject for prolonged

experiments. The structure of the gill of My til us has

been fully described by Orton (4), but for the sake of

convenience the following summary is given of these

observations.

The main iuhalent current of water is caused by the

lateral cilia, 'i'hese cilia are exceedingly numerous, and

each cell of the epithelium bears several cilia (Text-fig. 4).

It is somewhat difficult to describe the direction of move-

ment of the lateral cilia. Orton states that they " lash across

the length of tlie filaments," but the most characteristic feature

of their normal movement is a wave of pulsation wiiicli passes

along the length of the whole line—the waves pass up on the

oral side of the filament and down on the aboral side.
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The later o-f rental cilia are the most conspicuous cilia

on the whole gill (ex. the terminal cilia). They stand out stiffly

from the filament and move relatively slowly on a line parallel

to the transverse axis of the filament. Each cilium arises from

Text-fig. 2.

FronXaJ, cilia,.

Lcctero-fronted, ciUuJW.

i Lateral cilia,.

A b frontal cilia,

.

Transverse section of gill-filament of Mytilus (after Oi-ton.)

a single cell (Text-fig. 5). These are straining cilia and assist

in passing food from the main current on to the frontal

cilia. The frontal cilia pass the food down the face of the

gill on to the ciliated terminal groove. The cilia of the

terminal groove lash in an oral-aboral direction and pass

the food in a long line of mucus up to the mouth.
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In studying the effects of various ions on ciliary movement

it was therefore decided to select the terminal cilia and the

latero-frontals. These cilia have distinct advantages.

(1) The terminal cilia are absolutely free in the solution,

and are extremely easy to observe under the microscope.

Text-fig. 3.

Latereo-frontaZ cHloj.

LaJtero-frontal cilia,, ^f^i? '

ZateraZ cdliob ^ y

Fronted, cilia, .~'~
~

CilLc3ut&dL disc

T&rmxnaZ ciiia>.

Vertical view of gill-filaments of My til us.

(2) The latero-frontal cilia are very obvious, as they are

large cilia, and each cilium arises from a single cell.

It is advisable to repeat the recommendation of Orton

to the effect that "in the case of all the cilia on gill-

filaments, it is necessary to see them living to

obtain an accurate idea of their size and function."

This is particularly the case with the latero-frontal cilia of

Mytilus. In the living gill it is impossible to confuse these
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cilia with any others—they are much more distinct and move

more slowly than any of the others. In preserved specimena

they are almost indistinguishable from the lateral cilia.

When a portion of the gill is removed the whole of this

ciliated mechanism continues—even the co-ordination and

transport of the food columns up to the oral corner of the

terminal groove.

Text-fig. 4.

Single cell, of lateral ciliated epithelium.

It will be noticed that the ciliary complex of the gill of

My til us forms a highly co-ordinated system of vital impor-

tance to the animal, for on the rate of ciliary movement will

depend the amount of food available for nutrition. Such a

system one would normally suppose to be closely dependent

upon the nervous system of the animal, and that as soon as a

portion of the tissue is removed, the mechanism of co-ordinated

movement would be speedily deranged. This, however, is
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not the case. If a single gill-filament be removed and kept
in normal sea-water, the whole of the ciliary movement con-
tinues unchanged for a very long period. If a portion of the
gill-plate i in. or more in width be removed, the cilia continue
to beat normally for at least fourteen days, with the exception
of the lateral cilia, which often cease to show their charac-
teristic waves of pulsation, and may even stop. The latero-
frontal, frontal and terminal cilia invariably remain normal.
The reorganisation and regeneration of the ciliated tissue

Text-fig. 5.

Single cell of latero-frontal ciliated epithelium.

which takes place in isolated gill-fragments after about four

•days will be described in a subsequent publication.

During the progress of this work two distinct phenomena
have arisen: (1) The action of certain ions upon the activity

of individual ciliated cells—i.e. upon ciliary movement as

such
; (2) the action of certain ions upon the tissue complex.

Thus the absence of certain ions results in the break-up of

the ciliated epithelium into its constituent cells, although the

cilia of the individual cells continue to beat strongly when
the cells are entirely detached from the gill and from other

cells. It is only in the case of the hydrogen-ion that direct

action upon ciliary movement can be studied without injury

to the general structure of the gill.
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In these pages the following abbreviations will be used :

Terminal cilia . . . Terminals.

Latero-frontal cilia. . . Latero-frontals.

Lateral cilia .... Laterals.

HydrOgen-ion concentration . Ph.

For the sake of simplicity the hydrogen-ion concentration

will be referred to as " high " or " low," according to the

numerical value of the exponent Ph—for example, a solution

of Ph = 9*0 will be regarded as having a higher hydrogen-

ion concentration than a solution for which Ph = 7"0. This,

of course, involves a contradiction in terms, but it greatly

simplifies the text for any reader not intimately conversant

with these particular problems.

The term " disintegration " will be used to denote the

sepai'ation of the individual ciliated cells of the gill epithelium

which takes place in many solutions.

Acids and Alkalis.

The sea-water used for these experiments was obtained

from the English Channel, some miles south of Plymouth

;

the hydrogen-ion concentration was constant about 7'85

during the whole period of the experiments. The hydrogen-

ion concentration of the various solutions used was determined

by S^rensen's and Palitzsch's metliod, and the salt correction

of these authors was applied in each case.

The effect of lowering the Ph of the sea-water on the ciliary

movement of the gills is shown in the following table.

The table shows clearly the profound eifect of the hydrogen-

ion on ciliary activity. In solutions whose Ph is below about

6"0 the cilia very rapidly came to rest. There is no sign of

the ciliated epithelium breaking up, and, as will be shown

later, the stoppage of the cilia is entii-ely reversible wlieu the

Ph of the water is raised.

In solutions of Ph 6"7 there appears to be a certain amount

of regulation to altered conditions. Thus in sea-water of

II
6'7 the rate of ciliary movement is greatly depressed

after about twenty minutes, after which the rate gradually
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Table I.

353
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and usually more actively than in the control experiments.

The alkali, however, causes mai'ked disintegration of the

tissues, and the individual ciliated cells break away with

their cilia still beating strongly. Disintegration occurs in

50 c.c. sea-water + 1-68 c.c. N/10 NaOH or in 50 c.c. Yan't

HofE solution + 0-30 c.c. N/iO NaOH.
It is therefore impossible to determine the duration of

ciliary movement in hyperalkaline solutions, owing to the fact

that the movement continues longer than the tissue retains

its normal condition. Even when disintegration is far ad-

vanced individual cells continue to move actively. Such

isolated cells are in an entirely different environment to that

afforded by their normal position in the tissues, and therefore

the duration of movement of their cilia can hardly be com-

pared to that of cells remaining in their normal positions. It

is interesting to note that individual cells rapidly become

spherical in shape j eventually the cilia disappear and the

cell cytolyses.

The cessation of movement caused by acid is entirely

reversible by alkali if the acid treatment has not been too

severe.

Portions of a gill were placed in 50 c.c. V. Hoff's solution

+ 0"32 c.c. N/10 HoSO^ for two minutes ; examination under

the microscope showed that all movement had stopped. They

were then transferred to the following solutions and examined

after twenty minutes :

Tablk II.

60 c.c. Van't HofE's solution.

+
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results except that in certain cases recovery took place in

normal Van't Hoff's solution, while in others recovery did not

take place so completely in the weaker concentrations of alkali

as it did in the sti'onger solutions. One point was noticeable,

however, namely, that when recovery took place in any

solution eventually the rate of ciliary movement nearly

always became absolutely normal.

It was found that in the case of a certain gill ciliary

movement stopped in less than two minutes in 50 c.c. sea-

water + 1'26 c.c. N/10 HCl, and that no recovery took place

in this solution. Portions of this gill were left in the acid

solution for various periods of time and were then transferred

to normal sea-water and the time required for recovery noted.

Table III.

Time of
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In their rate of recovery different gills also exhibit

differences.

Table IV.
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The salts used were as follows

:

NaCl . . . Kahlbaura (for analysis).

„ ... Hopkins & Williams (puriss).

KCl.... Merck's extra pure.

CaC]2 (anhydrous) . Merck's.

„ { „ ) • Kahlbaum (for analysis).

MgCl2 ... „ „

It is clear, therefore, that solutions of the above salts

possess hydrogen-ion concentrations widely different from

each other and from sea-water, and that in order to compare

the physiological effects of such pure solutions it is first

necessary to adjust these differences in their Ph.

In the case of pure NaCl or KCl the problem presents very

little difficulty, as they can readily be buffered by the presence

of a very small quantity of sodium or potassium bicarbonate;

further, the addition of these salts adds no fresh ions to the

solutions. By adding the requisite amount of bicai'bonate,

solutions can be obtained of the required hydrogen-ion con-

centration and such solutions can be directly compared with

sea-water of the same Ph.

The case of magnesium and calcium chlorides is, however,,

different. Thus, the addition of sodium bicarbonate to a

solution of MgCU (such as was used in these experiments)

never increases the Ph sufficiently to give an orange colour

with neutral red. Again, whereas the addition of strong

alkali to a solution of NaCl rapidly gives a bright blue

coloration with thymol-phthalein, with ^IgClo only a very

faint coloration is produced, and the addition of excess of

alkali only causes the precipitation of magnesium hydrate

without increasing the hydroxyl-ion concentration of the

solution. Similar difficulties arise when dealing with mixtures

of NaCl and MgClj which never possess a Pg of more than

about 7*8 when carbonates are present.

The case of CaCl, is still more difficult. When the pure

anhydrous salt was dissolved in distilled water the solution

was found to be very strongly alkaline—in fact, 50 c.c.

required 8'25 c.c. N/10 HCl to neutralise to neutral red.
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Every sample of anhydrous CaCl2 obtainable gave similar

results ; this alkalinity is doubtless due to the presence of

calcium carbonate.

There is, however, a further complication to be considered

in the case of magnesium and calcium chlorides. As is well

known, the stabilisation of the hydrogen-ion concentration

of a solution containing carbonate depends upon the I'atio

HCO '

p^ jl ; the higher the value of this ratio the greater the

alkalinity of the solution. Now magnesium carbonate, and

to a much greater extent calcium carbonate, is much less

soluble and less ionised than the respective bicarbonates.

Hence the presence of magnesium- or calcium-ions in the

solution profoundly affects the number of free COg" ions

which can exist in solution, so that these metals also affect

the hydrogen-ion concentration of the solutions to which

they are added. By increasing or decreasing the number
of magnesium- or calcium-ions the hydrogen-ion concentration

of the solution is unavoidably altered.

This complication of the problem is by no means simple,

.and at the present moment it is only possible to bring forward

evidence as to the effect of the vai'ious metallic ions between

fairly wide limits of Ph, and until it is found possible to

stabilise the Pjj of artificial solutions containing varying

.amounts of calcium or magnesium, it is impossible to state

with exactness the qualitative properties of these ions on

pliysiological processes.

A. Isotonic Solutions of Single Salts.

Effects of Solutions of Pure Sodium Chloride.

(1) Pure sodium chloride quickly depresses the rate of

ciliai'y movement, but before cessation of movement is

complete disintegration of the tissues begins. The cilia do

not appear to dissolve.

(2) Disintegration is well marked in solutions whose Ph is

.as low as 7'0.
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(3) The duration of movement depends partly on the

hydrogen-ion concentration of the solution.

Text-fig. 6.

CL b c

Diagram showing progressive disintegration of the terminal ciliated

epithelium in pui'e sodium chloride.

Table VI.
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(4) In solutions of Ph "t aiid higher it is impossible to

determine the duration of ciliary movement, as disintegration

sets in before the cilia have ceased to move.

(5) The higher the alkalinity of the solution the more

intense is the disintegration of the tissues.

(6) The depressant effect of sodium chloride was not

removed by subsequent addition of magnesium chloride (cf.

j\Iayer (3)).

Effects of Pure Potassium Chloride.

(1) The effects of potassium chloride solution appeared to

be almost identical with those of sodium chloride, except

that the depressant effect on the rate of movement was less

marked.

(2) Disintegration occurs as in sodium chloride, but the

individual cells exhibit stronger ciliary movement than in

sodium chloride.

Table VII.

Solution. ^-a.. After 2 hours. 5 hours.

;
1
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Table VJII.

Solution.
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As mentioned above, the Ph of calcium chloride solutions

do not remain constant for more than a few hours owing

to reaction with the COo of the air, so that critical experiments

are not possible.

B. Binary Mixtures.

(i) Mixtures of Sodium Chloride and Magnesium
or Calcium Chloride.

(1) The tissue remains more healthy than in solutions of

pure sodium chloride, and ciliaiy movement remains strong

when disintegration is relatively far advanced. Freed in-

dividual cells move strongly for some time.

(2) The higher the Ph the more marked is the disintegration.

(3) No apparent difference in effect is noticeable when the

relative concentrations
Na' . . -, n 50 50
^r /f rV77 IS Varied from ttt— >.Mg or Ca

'

10 2

(4) Occasionally cilia remain twitching after forty- eight

hours.

Table X.

Solution.
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Mixtures of KCl and MgCla,

Table XI.

Solution.
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c. Tertiary Mixtures.

(i) NaCl, KCl, MgClo, or CaClg.

These solutions support ciliary movement for as much as

seventy-two hours.

Table XIII.

Solution.
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The optimum composition of this Van't Hoff's solution was

found to be

:

Table XIV.

Salt.



366 J. GEAY.

metals appears to be additive. Solutions of_ pure salts are

more toxic than binary mixtures, binary mixtures more toxic

than tertiary mixtures, Avhile solutions containing Na, K, Mg
and Ca form satisfactory physiological solutions.

A. Gr. Mayer (3) has described the effect of various ions

upon ciliary movement, using annelid larvae and veligers.

He came to the conclusion that ions act upon ciliary move-

ment in exactly the reverse way to their action on neuro-

muscular activity. His results may be summarised as

follows

:

Table XV.

Nature of action on cDiary movement.

Na' . . Most powerful of all ions as inbibitor of ciliary movement.
Mg" . . ., ,, stimulant ,. „

K' . . Piiniary depressant, bxit recovery afterwards takes place.

Ca" . . Weak stimnlant in presence of Na'.

"Weak acids
I

Primary depressant, but recovery takes place.

NH'4 . .
j

Ciliary movement first stops and tlien recovers.

Mayer points out that these conclusions do not apply to

ciliated plant cells.

This author only deals very shortly with the effects of acids,

and these were all weak acids—e.g.C02, lactic acid, uric acid

—aud he does not deal Avith the effect of alkalis except by the

statement that NaOH is a primary depressant. He does not

mention Avhether the artificial solutions used were acid or

not.

Had the hydrogen-ion concentration of the solutions of the

various pure salts been ignored in the experiments described

ill this paper, it will be noted that the order in which_these

salts would maintain ciliary movement was as follows

:

Magnesium chloride. .

Potassium chloride.

Sodium chloride.

Calcium chloride.
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It is interesting to note that on this basis one would have
agreed with Mayer's conclusions that magnesium is the most

efficient ion for maintaining ciliary action, that sodium is a

powerful depressant, that pui-e calcium rapidly stops ciliaiy

movement, and that calcium inhibits the action of sodium.

Finally, potassium occupies an intermediate position between
magnesium and sodium.

R. S. Lillie performed numerous experiments with isolated

gill-filaments of My til us edulis. As I became aware of

these experiments after the present work hud been completed,

it is interesting to note that the results of actual experiments

with Xa', K', Ca" and Mg" agree very closely. Lillie also

mentions the disintegration phenomena in various solutions,

which he observed was inhibited by the hydrogen-ion and
accelerated by the hj'droxyl-ion. He also obseiwed that

movement in pure sodium chloride solution was prolonged by
the addition of hydrochloric acid. The results of the present

experiments tend to support the conclusion that for each salt

there is an optimum hydi'ogen-ion concentration for ciliary

movement ; at the same time, exception must be taken to the

conclusion that this is evidence of an antitoxic effect between

the acid and the salt, since the hydrogen-ion concentration

of the original salt solution was not investigated. For the

same reason, Lillie's experiments with many di- and trivalent

salts cannot be regarded as critical, since the hydrogen-ion

concentration of these salts differs profoundly, according to

their degree of hydrolytic dissociation.

Note on Antagonistic Ion Action.

A very large amount of work has been performed on the

physiological action of various ions. In very few cases,

however, has any attention been paid to the hydrogen-ion

concentration of the solutions used. In view of the fact that

solutions of pure salts or mixtures of salts are never of exactly

the same Ph as sea-water (or other external medium of the

cell), it would appear that many results which have been
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attributed to tlie action of metallic ions may possibly be due

either wholly or in part to hydrogen or hydroxyl-ions. One
or two examples may be quoted. Loeb (2) showed that by
exposing fertilised Echinoid eggs to various solutions, on

subsequent transference to normal sea-water " twins " were

often produced. The following table (from Loeb) shows the

percentage of twins produced in various solutions.

Table XVI.

Xatui'e of solution.

Xa. K .

Na, Ca .

Xa. Mij
Na. K.^Ca
Xa. K. Mg
Xa, Ca. Mg.
Xa. K. Ca. Mg.

Length of exix)sure to .solution before transfer to
sea-water.

2 hourfi.

Per cent.

50
5

50
1

2i hours. 3 hours.

Per cent.
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Now, when it is remembered that CaClo^ may be dis-

tinctly alkaline, that MgCU is moi'e alkaline than KCl, and
that NaCl is distinctly acid, the above results are capable of

a very simple explanation. If the production of "twins'' is

due to exposing the eggs to a solution of low Pg, then in

Table XVI we would expect to find that all those solutions

which lack calcium produce a high percentage of twins,

whereas solutions containing calcium do not. This is actually

the case except in the case of eggs exposed to Na and Ca for

three hours; but Table XVII shoAvs that the effect of this

solution also is removable by raising the alkalinity.

Again, in the case of Osterhout's (5) results on plant

growth :

Table XA^III.

Solution.

NaCl .

KCl
MgCL .

NaCl' KCl
NaCl, MgCl
NaCl, MgCl

Duration
of life.

KCl

23
56
19
23
25
30

Solution.

CaCl. .

NaCr, CaCL, .

NaCl, Mi,'CL. CaCl.
NaCl, KCl, CaCL

"

I
NaCl, KCl, CaCL, MgCL, MgSO,

Duration
of life.

58
65
45

In these experiments no mention is made of tiie hydro-

gen-ion concentration or of the effects of alkalis. In each case

the solutions containing calcium support life very much better

than those without this jnetal.

It is not necessary to enlarge upon the critical effects of

very small changes in the hydrogen-ion concentration of the

medium with which an organism or cell is in contact. The

work of Mines, Moore, etc., amply illustrate the point. It is

therefore necessary to question the conclusions drawn from

experiments dealing with antagonistic ion action in which the

'While anhydrous calcium chloride tends to be alkaline, the

crystallised salt is usually more acid than sodium chloride solutions,

and the above explanation would not apply.
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hydrogen-ion concentration of the various solutions has not

been controlled. It is^ however, not suggested that changes in

hydrogen-ion concentration afford a complete explanation of

such experiments, or that true antagonistic ion action does

not exist.

Summary of Results.

(1) With the exception of the wave action of the lateral

cilia, isolated fragments of the gills of Mytilus continue to

function normally in sea-water for many days.

(2) Ciliary activity is dependent upon a certain minimal

concentration of hydroxyl-ions (Ph=5*5-6'0).

(3) Stoppage of the cilia by acid is reversible by raising

the Ph by means of alkali.

(4) If the Pjj of the medium is above 9'0 the ciliated

epithelium rapidly breaks up into its constituent cells, but

ciliary movement does not stop either in the isolated cells or

in those which remain in situ.

(5) The breaking up or disintegration of the ciliated

epithelium takes place in all solutions which do not contain

potassiuTn, sodium, magnesium and calcium.

(6) Solutions containing only one metallic ion are highly

toxic to the tissue, causing marked disintegration even at low

values of Ph. Solutions containing two ions are less detri-

mental than solutions containing only one. Solutions con-

taining three ions support the tissue in a comparatively

healthy state for as much as seventy-two hours ; but it is only

when the four metallic ions are present that the tissue

remains normal and healthy as in sea water,

(7) Little evidence was obtained of qualitative effects of

single metallic ions or of antagonistic ion action. Sodium

chloride forms the most toxic salt in sea-Avater.

(8) Attention is drawn to the necessity of controlling the

hydrogen-ion concentration in all solutions used in the investi-

gation of antagonistic ion action.
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Planktothuria diaphana, gen. et sp, n.

By

J. D. F. Oilchrist, M.A., D.Sc, Ph.D.,

Professor of Zoology in the University of Cape Town.

With 4 Text-fiLnu-es.

The subject of the following notes is a transparent gelatinoua

organism, which was at first put aside with other plankton

collections as some form of medusa. A subsequent examina-

tion, however, proved it to be a Holothurian with several

features of special interest.

About a dozen in all were procured in a non-closing net

used in deep water off the Cape of Good Hope, so that the

depth at which they occurred is not known. Most of them

were somewhat broken up on account of their delicate organisa-

tion, but a few were sufficiently perfect to allow of a fairly

detailed examination.

The presence of a well-defined circle of tentacles, circular

and radial canals could be readily made out, and wer&

sufficient to indicate Holothurian affinities, the absence of

external podia suggesting the family of the Molpadiidae or

Pelagothuriida?. The fact, however, that the tentacles are

supplied from the circular canal is an important feature, and

one which I'enders the classification of the animal difficult.

External Characters.

In the fresh state the whole body is transparent and

buoyant. None were alive on being brought to the surface,,

and they settled slowly to the bottom of the vessel in which they
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were placed. There was no marked coloration, tlie body being

clear and glassy, like that of a medusa. In the preserved

state the body is of a darker colour, and is surrounded by a

thick jelly-like mass in which podia and tentacles maybe seen

embedded (Text-fig. 1).

The largest were about 40 mm. in length, and in one less

than this mature ova were found, so that they do not repre-

Planktotliuvia diaphaua (dorso-lateral view), showing arms or

anterior podia, tentacles, three pairs of dorsal podia, in front

of which are the gonodnct and stone-canal.

sent young stages. The body is rounded and thick, its breadth

being more than half its length. Probably in the living con-

dition it is much more elongate. There is no differentiation

of the upper and under surfaces, apart from the position of

the mouth and tentacles. 'J'he mouth is small and directed

more or less ventrally, the anus being terminal, and large and

distinct in some individuals.

Podia.—The podia are all embedded in the thick gela-

tinous body-wall, and do not project beyond its surface, with

perhiips the exceptions noted below. The ventral radial canal
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has none, but botli the two latero-ventrals and the dorsals

have them. They are arranged in three distinct groups,

which, however, are of mixed origin. Thus at the anterior

end of the body they assume the form of a number of arms or

tentacle-like structures, arranged in the form of a hood, partly

surrounding the mouth-region. On the dorsal region they

are delicate and thread-like, while at the posterior end of the

body they are more pronounced, and project out laterally from

the sides, being approximately at right angles to the body.

Water-vascular system. «.. arms. ; c.c, cu'cular canal; (?.c., doi-sal

radial canal ; d.p., dorsal podia ; he, lateral radial canal : l.p.,

lateral podia ; s.c, stone-canal ; f. tentacles; r.c, ventral radial

canal.

The arms or oral podia are well developed and con-

spicuous structures, and consist of fine canals of the water-

vascular system accompanied by muscuhir tissue, so that they

assume the form of elongate arms, broad and closely ^.ppressed

at their bases, and tapering off to a fine extremity in a wide

curve or arch. They are somewhat flattened against each

other near their bases, and, towards their middle, become

narrower. The canal lies on the outer side of the muscular

tissue, which, in tran.sverse sections, assumes the form of a

closed or convoluted layer of tissue with deeply staining
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nuclei. The origin of the podia from the water-vasculai'

system can readily be made out by a suitable preparation of

the whole body. Text-fig. 2 is a camera lucida drawing of

-a specimen from which the viscera have been removed, and

which has been stained sufficiently to show the water-vascular

system. It is then seen that these anterior podia (Text-

fig. 2, a.) arise, partly from the two lateral radials (I.e.), and

partly from the two dorsal radials {d.c.) In this particular

individual two ai-ise from each of the lateral radials on ench

side, and four from each of the dorsal radials.

The dorsal podia (Text-fig 2, d.j).) are poorly provided

with muscles, and appear only as delicate thread-like

structures, apparently incapable of keeping in position

unless supported by the surrounding tissue. They are

situated in the anterior third of the bod}', and are usually

six in number—three attached to each dorsal radial. .In some

small individuals only four were seen, and, in some of the

larger, there were indications of additional podia posteriorly.

That these dorsal podia, however, have some special functional

significance seems to be indicated by the structure of the

terminal portions. In the better-preserved specimens they

are seen to end in swollen or enlarged structures, usually

contracted into an elongate homogeneous mass, but wlien

dissected out and examined microscopically are seen to be of

the nature shown in Text-fig. 3. It is seen that the fine

tubes and muscular strands of the main part somewhat
suddenly become constricted, and then enlarge into a more
solid part. This terminal portion is elongate (2"5 mm. in a

large individual), and its surface is raised into a number of

ring-like folds. Though in all cases this terminal part did

not project beyond the surface of the body, it may be that in

the living and fully-expanded condition it does so, and
perhaps serves some sensory function, for it can hardly be an
organ of respiration in view of its small size. Longitudinal

sections show a Avell-defined epithelium, a central canal and
muscular tissue, which occurs, however, on the posterior side

only.
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The lateral podia (Text-figs. 1, 2, /.jj.) vary in number but

are usually six to eiglit. They are confined to the posterior

half of the latero-ventral radials. In structure and appear-

ance they resemble those of the anterior end of the body.

Proximally they are broad and flattened in a plane at right

angles to the main axis of the body, but at their distal end
they taper into a fine point which does not project beyond
the surface of the body.

Tentacles.—These are well-developed structures, and
their enlarged extremities form a conspicuous feature of the

body, each of these being divided into two main branches,

from which lateral branches arise (Text-fig. 4, t.). The
tentacles vary in number and apparently increase in size and

Text-fig. 3.

One of the dorsal i^odia. showing the modified terminal i^ortion.

number with the age of the animal, 8 being found in the

smallest and 16 in the largest.

The origin of these tentacles from the water-vascular

system can readily be made out, both in the entire animal

and in stained preparations. It was seen that they arose

entirely from the circular canal. To make this important

fact quite certain the ring-canal was dissected out, stained,

and mounted whole (Text-fig. 4), and in another case was

sectioned, and the direct connection between tentacles and

canal confirmed. The point of origin of the tentacle from the

circular canal has no definite or constant relation to that of

the longitudinal canals. In the case figured two arise

between the dorsal radials, three and six on each side of the

ventral radial.

Stone-canal.—Slightly in front of the dorsal podia, and

in the mid-dorsal region between the two radials, may be
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seen two slender tubes, not very different in appearance from

the dorsal podia (Text-fig. i). The posterior of these

leads to the gonads, and that in front (Text-fig. 2, s.c.) to

the circular canal, and is apparently the stone-canal. It

opens by a single opening on the surface of the body, and is

continued inwards as a fine tube till it passes the muscular

layers, when it expands into a much thicker portion. No
calcareous deposits were observed in any part of the stone-

canal, the thicker portion appearing in sections as a simple

tube with deeply staining -walls, more developed on one side

than on the other. The stone-canal and its swollen part are

indicated in Text-fig. 2. The connection with the circular

canal, though seen in dissections of large specimens, was not

made out in this preparation, in which it has been broken off,

and is, therefore, not indicated in the drawing.

Body-wall.—The body-wall consists mainly of a. thick,

gelatinous tissue, composed of elongate cells with deeply

staining nuclei. It is similar in its nature to that found in

some other deep-sea Holothurians, but is more developed,

and of a looser and more transparent nature. Below it are

the circular and longitudinal muscles of the body. The
circular muscles are not w^ell developed, and are interrupted

by the longitudinal. The latter are double and are well

developed. Retractor muscles were not observed.

Skeletal System.—The skeletal system is poorly deve-

loped. No calcareous deposits were found in the body-wall,^

either in stained or unstained preparations, but round the

oesophagus were numerous minute-knobbed spheres, Avhich

were about 'OITG mm. in diameter, this size being very

constant. Effervescence occurred on the application of an

acid, so that doubtless they represent all that remains of a

calcareous ring.

Alimentary Tract.—The mouth is situated in the middle

of a large peristome which faces somewhat ventrally ; in

some cases its plane is quite parallel to the long axis of the

body. The mouth, therefore, is distinctly ventral in position.

The alimentary tract is more or less injured, apparently by
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Anterior region of water-vascular system, showing circular canal

(cc). from which are given off the two dorsal radial canals (d.c.),

two lateral radial canals {l.c ), one ventral radial canal (v.c.),

and eleven tentacles (t.), one of which is drawn in the fully-

expanded condition; a., arms; m.. muscle accompanying canal

of tentacle.

VOL. 64, PART 3.—NEW SERIES. 25
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the strong contraction of the longitudinal muscles ; in one it

lias been forced out at the moutlij in another at the anus, and

in others the body-wall has been ruptured. In one, however,

it was observed that the median dorsal mesentery was attached

to the intestine for about two-thirds of the length of the body.

The course of the intestine is seen in some to be in the form

of a double loop. The wall of tlie intestine is very thin

when distended with food, and when not so distended shows

ill ti'ansverse sections numerous convolutions. There is no

trace of a respiratory tree nor a Cuvieriun organ, but the

rectal portion of the intestine, in one or two cases, is distinctly

enlarged and connected to the body-wall by nuiscular fibres.

No diverticulum of this part was observed, but the walls were

spongy and soft.

The food found in the alimentary tract consisted of greenish

flocculent material, radiolai'ians, foraminifera, many diatoms

and sponge spicules.

Gonads.—In a specimen 30 unn. from mouth to anus the

ovaries, judging from the state of the ova, are well developed.

'J^hey occur at the anterior part of the body, and are attached

to the dorsal mesentery. They are in the form of a bilobed

grape-like mass, in which the larger ova could be readily

seen with the naked eye. The rountled mass is 4 mm. in

diameter, and is divided into a right and left half, placed to

the right and left of the dorsal mesentery. A short duct

passes to the body-wall, which it penetrates, and is continued

as a long, thin-walled, very transparent tube, leading through

the gelatinous epideimis to the exterior. It passes through

tlie body-wall immediatel}' behind the stone-canal, and not

far from the base of the nearest arm (Text-fig. 1).

In a smaller female, 26 nun. in length from month to anus,

the ovaries were apparently mature, some of the larger ova

]>eing found detached in the body-cavity. These mature ova

jire well characterised. They measure '3 nnn. in diameter, and

iire surrounded by a clear glassy envelope. In the egg itself

occurs a large spherical globule, about 'TO nun. in diameter,

resembling a large oil-globule. besides tliis large globule
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several otlier and inucli smaller oil-globules occur in

groups.

Habits.

The habits of the animal can only be a matter of conjecture.

It is certainly n(jt so obviously adapted to a pelagic mode of

life as Pelagothnria, the only Holothurian hitherto known
to be free swinuning. It has been observed, however, as I

have already noted elsewhere ('Marine Biological Eeport

No. iii, Union of South Africa/ 1916, p. 46), that some of the

Holothurians procured in deep water oft' the South African

coasts have the power of swimming about freely in the water

by an uudulatory movement of the body, so that there is

nothing new or improbable in the supposition that the form

under consideration, which seems to be more adapted struc-

turally for this mode of life, should be pelagic. Probably

such deep-sea Holothurians do not bury themselves in the

soft mud of the floor of the ocean, but flit more or less readily

over its surface.

Svs'j'EMATic Position.

The chief difficulty in placing these animals in ;iny of the

great groups of the Holothuroidea is the fact that the tentacles

arise from the circular canal. This character, following

Ludwig's classification, would remove them from most of the

families of the Holothuroi-dea (Actinopoda) and bring them

into the family of the Synaptidte (Paractinopoda), from whicli,

liowever, they must be separated, as this family has neither

radial canals nor podia. It would seem also to indicate the

necessity of a basis of classification of families of the Holo-

thuroidea other than that proposed by Jjudwig.

Apart from this character the animal seems to be nearest to

the Elpidiida), and may be placed provisionally in this group

as a new genus, or otherwise in a new fauiily, the I'lankto-

thuriidiu.
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Summary.

1. A medusa-like Holothurian has been found off the South

African coasts.

2. It is devoid of external podia.

3. Podia are found embedded in the thick gelatinous

epidermis, and are arranged in three groups in the form of

—

(1) Arms or oral podia forming a hood-like structure over

the mouth, and supplied from the dorsal and ventro-

lateral radial canals.

(2) Dorsal podia, which are slender and terminate in

knobs.

(3) Lateral podia towards the posterior end of the body.

4. Tentacles are supplied by the circular canal.

5. The stone-canal is single, and opens to the exterior by a

single opening.

6. Calcareous deposits do not appear to occur in any part

of the body, except in the form of small knobbed spheres

round the cesophagus.

7. Respiratory tree and Cuvierian organ absent.

8. Gonads in two grape-like masses, one on each side of

the dorsal mesentery, and opening to the exterior by a long,

slender duct. Mature ova '3 mm. in diameter, and provided

with oil-globules.

9. It cannot be placed in any of the known groups of

Holothurians, chiefly on account of the oi-igin of the tentacles

from the circular canal.
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Protozoa parasitic in Termites.

Part II.—Joenopsis polytricha, n. gen. n. sp.. with Brief

Notes on two New Species, Joenopsis cephalotricha
and Microjcenia axostylis.

By
D. Ward Cutler, :tI.A.,

Late Assistant Lecturer in Zoology, Victoria University. Manchester.

With Plates 18—21.
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IXTRODUCTION.

In ail earlier paper (1) I described the morphology and

life-history of the commonest protozoa, Di trichomonas

termitis, resident in the hind gut of an Indian termite,

Archotermopsis wroughtoni, Desn. In the present paper

I propose to consider in a similar manner other of these para-

sites, which have already been partially described by Imnis

(10) under the designation Species /3. For reasons given on

page 399 I propose to found the new genus Joenopsis, con-

taining the two species J. c e p h al o t r i c h a and J . p o 1 y t r i c h a

.

A third species has not been described by Imms, and on

account of its similarity to Microjcenia hexamitoides

(Grassi) I have named it Microjcenia axostylis.

These three species are not so common in the termite as

D. termitis, but they appear to occur with equal frequency

in the two sexes of all casts. J. polytricha and J.cepha-

lotricha are, however, more prevalent than M. axost^'lis,

which is a relativelv rare animal.

Methods.

The methods adopted in the study of the parasites were

broadly the same as those described in my previous paper.

The two most useful stains were Heidenhain's iron hema-

toxylin and Dobell's h^ematein described by him in 1914 (2).

As regards fixatives, Schaudinn's fluid containing 4"5 per cent,

acetic acid as recommended by Dobell and Jepps (3) and Bouin's

fluid are excellent for general use. It was found, however,

that both these fixatives affected the parabasal apparatus of J.

polytricha, as was recorded in the case of D. termitis.

In order to obtain good images of these bodies I employed

Fleming's strono* fixative from which acetic acid had been

omitted as recommended by Gatenby (5). For an elaboration

of this point reference should be made to my previous paper.

All attempts to obtain artificial cultures of the parasites

were unsuccessful.
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J a: X o p s I s p o l y r k i c h a : I ^ivi ng Con Drriox

.

lu shape this animal is broadly pynfonn with a much
rounded anterior end. Measurements of a large number of

individuals show that the length varies from 129-95 fi and the

width from 47-77 /<. These values are slightly lower than

those obtained by Imms, who gives 159-1 14 ft as the length

range and 95-41 n as that for the width.

About one-third of the distance from the anterior

extremity there is developed a well-marked depression or

groove^ somewhat oblique in position and extending round

the whole body, so as to separate the animal into distinct

anterior and posterior portions or " head and bodv " regions

(PL 18, figs. 1,2, az?.).

For a long time I thought it possible that this groove might

represent a pharynx, but this view is untenable. If the animal

is observed in a solution containing powdered carmine the

particles which pass into the groove on one side of the body

are alw^ays ejected in a very short time from the other side,

and in many cases the granules can be seen travelling along

the floor of the groove in an irregular manner. In no case

have I found any evidence that the carmine was ingested or

that the depression represented anything more than a furrow

in the body-plasma. Further, if a pharynx were repre-

sented by the groove one would expect to find food-particles

situated in or near to it : this has never been seen though

hundreds of specimens have been examined ; in all cases the

food-particles—wood—are situated towards the posterior end

of the body.

At the anterior end of the body there is a solid structure,

probably supporting in function which I have termed the

supporting structure or piece (PI. 18, figs. 1, 2, S.P.). From it

arise two long rod^ extending through about two-thirds of

the body length. They are situated in the middle of the

endoplasm and take a somewhat curved course (PI. 18,

fig. 2, P.T.).
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AVhen I thought that the groove mentioned above repre-

sented a pharynx I was inclined to regard these rods as

pharyngeal supports, but research has demonstrated that they

are totally different in nature and must be homologised with

the bodies found in Joenia an nee tans and termed by

Grassi " il regolo " and " il eollare." I prefer, however, to

adopt the terminology of Janicki (11) and name them ''para-

basal structures." A more detailed account of the bodies will

be found on page 401.

Eunning over the anterior two-thirds of the body are longi-

tudinal striations, which form a right- and left-handed

series (PI. 18, fig. 2, S.T.). Each member of the series takes

its origin in the supporting piece of the head, and pursuing a

straight course passes over the groove ; it then turns either

to the right or left side for its remaining length. On
account of this when the animal is viewed from the front or

back (dorsal or venti-al) surface two series of striations are

seen diverging from each other in the middle line (PI. 18,

fig. 2), but when seen from the side the whole body-surface

appears to be sti-iated (PI. 18, fig. 1).

At first sight the whole of the body seems to be covered

with long flagella ; more detailed observation shows, however,

that the flagella are arranged in two definite series, which

may be termed the " head " flagella and the " body " flagella

series (PL 18, fig. 2, H.F., B.F.).

The first of these series possesses a large number of flagella,

arranged in a tuft recalling that found in Joenia annectans.
These flagella are about two-thirds as long as the body and

when functioning act together in unison in a whip-like manner,

thus serving as the main propulsive organ of the body. Their

origin is in the supporting piece of the head (PI. 18,

figs. 1, 2).

The body series of flagella arise from granules situated

on the striations, a more detailed account of which I will

reserve for a later section of this paper (p. 389). In length the

flagella are about equal to those of the head but extend in all

directions over the body-surface, taking a backward course.
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They are by no means as active as the head-flagella, moving

but little Avhen the animal is swimming but maintaining a

slow uijdulatory action when it is at rest. It appears as

though their function is similar to that of the undulating

membrane of D. termitis described in my previous paper.

Owing to the length of the llagella and to the circumstance

that they are placed near to the groove, it often appears as

though some of them were actually inserted in it and were

analogous to the peristomial or undulating cilia of the

Ciliates. This is not the case, for detailed observation

shows that there are no flagella actually in the groove and

that the erroneous impression is due to the free ends wafting

over it.

A well-developed axostyle is clearly visible in the living

animal, arising from the supporting piece and passing between

the parabasal structures to reach the posterior end of the body,

from which it issues to terminate in a sharp point (Pis. 18, 19,

tigs. 1, 2, 3, 11, A.X.). Usually only a small portion of the

structure is free from the body but occasionally a relatively

large part is seen. I have never observed any retraction or

lateral movement such as was described in the living,

D. termitis.

Movement.

The animal is an exceedingly powerful swinnner as

might be surmised from its flagellar covering. As I have

mentioned above the main propulsive organ appears to be

the head series of the flagella, acting in a whip-like way.

The whole apparatus tiist l)ends down on one side of the body

and then rapidly moves upward to the middle line, repeating

the process almost immediately. In this way the body is drawn

forwards and at the same time rolled over to that side

opposite to the one to which the flagella curve themselves

during action. Thus while swimming the animal is con-

tinually rotating on its longitudinal axis.

Owing to the parabasal structures being slightly curved it is
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possible to distinguish arbitrarily a right and left side, and for

convenience I have called the side towards which the con-

vexity of the parabasals points the left one. It is interesting

to note that the flagella usually bend towards this, the left

side, and the rotatory motion of the animal is therefore from

left to right—that is, clock-wise.

The remainder of the flagella scattered over the body have

an entirely different action ; they may be seen projecting in

all directions from the body edge and are in continuous move-

ment, which is, however, so erratic And feeble that it may
be described as quivering. It is difficult to believe that

they play any important part in the translation of the

animal.

Fkkding.

The main food supply of J. polytricha is the food-

particles on which the host has been living. In nearly

every specimen examined some of the particles have been

found in the endoplasm scattered irregularly in the posterior

region to which they are confined.

No cytostome is present and I have been unable to detect

the method by which the animal obtains its food. As is well

known, this is an unsolved problem in the majority of the termite

parasites. It has been suggested that the posterior region of

the body is capable of producing pseudopodia which engulf

the food (Trichonympha), but in Joenopsis I have never been

able to find anv evidence that this method obtains, althougrh

much time has been spent watching these animals in a fluid

to which powdered carmine has been added.

In other experiments the termites were fed with carmine

and then after two days killed and their rectal contents

examined. Although many of the protozoa contained carmine

granules, sometimes in numbers, in no case was it possible to

detect the method by which ingestion had occurred.

In this connection a paper by Buscalioni and Comes (la),

which appears to have been overlooked by many observers, is
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of interest. "With this work I liope to deal in a future

paper, Avliere I shall discuss the possible relationship of the

Protozoa to their termite host.

MOEI'HOLOGY.

(a) Striations and Flagella.

In stained preparations there can be seen no differentiation

into ectoplasm and endoplasm,but there is a delicate membrane
to the body sufficient in strength to prevent variation in the

shape of the animal. The cytoplasm is in most cases granular,

vacuolated protoplasm rarely being encountered. As already

mentioned, the wood-particlesare confinedtothe posterior region

of the body and are not suirounded by a distinct food-vacuole.

In preparations stained by Heidenhain^s method the

striations are very clearly seen. Their general arrangement

has been already discussed, but Avhen stained a numl)er of

interesting points are revealed.

In the first place it is noticed that the anterior two-thirds

of the body is raised into a series of ridges, having their

origin in the supporting piece of the head, in a manner similar

to that described b}^ Hartmann (9) in the Form A of his

Trichonympha, now referred by Grassi (7, 8) to the genus

Ps e u d o t r i c h o n }• m p li a .

Each ridge of J. polytricha continues for a short distance

as a narrow line, which broadens considerably, until at its

thickest portion it measures about 'S'9 fji.. Towards its posterior

extremity narrowing again takes place so th:it ultimately a

short thick thread is seen similar to the anterior one (PI. 18,

fig. 3, S.T.). The whole complex reaches a length varying in

different animals from 67'7-76*8 /u.

The striations seen in the living animal are the sides of

these ridges, which, narrowing at the anterior and posterior

extremities, give the appearance of a single line. Thus in the

middle of the body each pair of striations corresponds to one

ridge. Reference to PI. 18, fig. 4, which is an enlarged

drawing of two ridges, will render clear the above account.

On the broad part of the ridges are situated numerous
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<leep]y-staining granules from each of which one body-

flagellum takes origin (Pis. 18, 19, figs. 4, U, E.G.).

Transverse sections through the body show that these

flagella are arranged on crests of the body-surface (PI. 19,

fig. 8), and not in depressions, as has been described so often

in the Ciliates, where striations are so commonly found.

Probably a delicate membrane covers the granules, though

this was not observed in the sections.

It is possible that the activity of the tlagella in Joenopsis
may have caused this raising of the portions of the body-

surface, through the continuous tension which they exert.

It is true that their movement is feeble but they are so

numerous and so closely placed together that their combined

effect must exert considerable force on the delicate surface of

the body.

In view of this suggestion it is of interest that at those

places where the flagella are most numerous, and where the

tension is therefore greatest, there the ridges are broadest,

while at the antei'ior and posterior narrow portions the

flagella are few.

In the same way the large tuft of head flagella may have

produced the broad papilla, which I have termed the head,

by their continual pulling on the protoplasm.

These head flagella arise from numerous basal granules

arranged in two series, one on each side of the supporting

piece (Pis. 18, 19, figs. 5, 11). This structure stains deeply

with iron-hsematoxylin, but readily gives up its colour when
suitably treated, leaving the basal granules deeply stained.

This aflBnity for stain was also found by Grassi (8) to obtain

in the complicated supports— " complicati sostegni "—of

8 tauro joenina mirabilis.

(«) Parabasal Bodies.

Also from the supporting piece there arise the two bodies

wliich I have already mentioned as homologous to " il regolo

and il collare" of Jcenia, and wliich I have termed the
" parabasal threads." In stained preparations they colour
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deeply and are not easily decolorised by the ordinary

reagents used for this purpose. The length varies from
66-6-80-8 (U according to the length of the entire animal and
they are slightly curved. Their shape is rectangular, with the

long side of the rectangle much greater than the short one.

Measurements of these bodies in transverse section gave the

relation of the two sides as above 3T. Towards their anterior

end, however, the long side narrows, becoming almost entirely

equal to the short one, thns giving the appearance of a thick

thread about TG // in diameter (PI. 18, figs. 3, 5, P.T.). The
two bodies are not arrang-ed in the same plane as that of the

supporting piece but transverse to it, so that one of the bodies

is always at a lower level than the other—usually 7 or S^t

deeper in the body. Also they run through the middle of the

plasma in no way superficially, so that in order to obtain a

sharp focus of the deeper body it is necessar\' to lower the

objective of the microscope 20-30 /x below the level required

for body surface focus.

In making preparations the pressure of the cover-slip and

glass causes flattening of the animal with the result that the

parabasal threads come to lie practically in the same plane;

during this process the lower one is rotated on its axis giving

an appearance such as is shown in the figures, where the

narrow side of the upper parabasal is seen, but the long side

of the lower one.

Situated on the bi oad surface of these parabasal threads

there aie numerous rod-like structures arranged irregularly
;

their length being about 6*8 /j. and their diameter about 1"2
f/..

They are most numerous on the median and posterior

extremities, but a few are found up to the point of origin of

the supporting piece. On account of their situation their

whole length is seen projecting outwards in all directions

only on that thread whose short side is viewed—that is, the

upper one, while in the lower one the rods are seen as small

rounded structures (Pis. 18, 19, figs. 5, 9).

I think there is no doubt but that these rods represent

" le figlioline " described in Joenia by Grassi (6, 7).
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A short discussion of the probable homologies of these

bodies will be found on p. 401.

Finally I may mention that these rods are only distinctly

seen in those preparations fixed with Fleming's fluid as

modified by Gatenby, or by a fixative containing neither

coirosive sublimate or acetic acid. In preparations fixed by

fluids containing these substances the rods are very variable

as regards their presence, and at all times they are very

indistinct in outline. An exactly similar effect was found in

D. termitis, as described in my previous paper, where the

wliole question is briefly discussed.

(c) Nucleus.

BetAveen and at the base of the arms of the supporting

piece the nucleus is situated (PI. 18, figs. 3, 5). It is a rather

large body measuring 10-16 /x and slightly oval in shape. On

account of its close proximity to the deeply staining support-

ing pieces and the parabasals it is often difficult to obtain a

clear picture of it unless the stain is greatly extracted from

the rest of the body.

Bounding the nucleus there is a distinct membrane, im-

mediately within which is a clear space measuring in a lO'4/i

nucleus 2*02 ju and in a 14'
1 /u nucleus 3"4/u. This space is

entii*ely devoid of threads radiating into it from the central

chromatin mass, which is not homogeneous but composed of

a ground substance, probably plastin, in which numerous

chromatin masses aie embedded. They are not, however,

sharply defined bodies, but irregular as regards shape and

size with indistinct margins merging imperceptibly into

the giound-woi-k (Pis. 18, 19, figs. 5, 7). Such is the charac-

teristic "resting" nucleus.

(d) Axostyle.

The chief i)uints regarding this structure 1 have already

indicated, so that there only remains to describe certaiit

details revealed by the employment of stains. Capricionsness

reirardinsT the reaction to stains is • shown here as in
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D. terinitis, for in some slides the axostyle can scarcely be

seen at all^ wliile in others treated in the same manner, as far

as can be ascertained, it is a prominent feature of the body.

On the whole Dobell's haematein stain seems to be the best for

demonstrating the axostyle, though it cannot be claimed as

absolutely reliable for this purpose any more than the many
other stains which I have tried. Also the method of fixing

the preparation does not appear to affect the result. However,

in slides showing the axostyle it appears to take origin in some

of the basal granules of the supporting piece (PI. 19, fig. 11).

In its course through the body it runs ventral to the nucleus,

but does not become attached in any wa}' to the nuclear

membrane.

While in the living animal it appears as a hyaline structui-e,

very similar to that of D. termitis, when stained it is

different. In D. termitis the axostyle retains its hyaline

appearance, and a series of granules are seen running down

the centre. In J, poly trie ha, on the other hand, the axostyle

appears uniformly stained with no trace of median granules.

Also it is much nai'rower in relation to the animal's size,

measuring only 2 fx in diameter, which is approximately the

size of the axostyle of D. termitis, a much smaller animal.

Division.

(a) Possible Cause of Division.

The division stages of JcLMiopsis are not readily found,

which is in sharp contrast to what obtains in D. termitis,

wiiere every preparation contains a large number of animals

in various stages of reproduction. For a long time I never

encountered any specimen of J. poly tricha in this phase of

its life cycle, and 1 was beginning to despair of being able to

work out the cycle of the animal when in April, 1918, a

specimen in which the nucleus was in an early stage of division

was encountered. The slide containing this form was made

from the rectal contents of a male soldier termite. In the

following month a female worker was found in which the
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parasites were reproducing themselves. In July and August^

however, I obtained several slides from the sexes of all castes

in which the protozoa were in what might be termed an

epidemic of reproduction. Since that date until the end of

December, w-hen I had exhausted all my stock of termites, no

other dividing forms were seen.

From the above it might be concluded that reproduction

took place only during the Avarm months of the year, and that

the higher temperature exerted some stimulus to repi'oduction

in the parasites.

To test this hypothesis, during the months of October^

November and December a few termites, representative of all

castes, were placed in small boxes containing the Avood on

which they feed and incubated at a temperature of 90° F.

The insects remained at this temperature for periods ranging-

from 3 days to 2 months. Throughout the entire period the

insects remained in a perfectly healthy condition. Slides of

tlieir rectal contents were made at frequent intervals, usually

twice a week, but in no case was there evidence of great

reproductive activity. The table below gives the results of

these experiments. It must be noted also that on killing

the termites their protozoa appeared quite normal and in

large numbers, showing that they had suffered no ill-effects

from their changed conditions.

Table.

The word "negative" indicates that after examining the

slides made of the rectal contents of the termite which had

been killed no dividing Jcenopsis were found.

Soldier J , killed after 3 days, negative.

Nymph ?

Worker ? „ „

Soldier ? „ 5 ,.

Nymph r? „ 7 ..

.. ? ..7 ,.

Worker (^ „ 7 „
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Soldier ^ , killed after 10 days, negative.

Nymph ? „ 14 „

Worker (^ ., 14 „

,, ? ., 14 ,, one dividing form.

Soldier $ , killed after 17 days, negative.

Worker c^ ., 21 „

„ c? „ 21 „

„ ? „ 21 „

Nymph ? , killed after 25 days, one dividing form.

„ (J ,, 28 „ negative.

Worker ? „ 28 „

„ <S „ 28 .,

Soldier ? , killed after 32 days, negative.

Worker ? „ 35 „

,. (^ „ 35 „

„ (? „ 38 „

Nymph (^ „ 56 ,, three dividing forms.

,, $ „ 56 ,, negative.

These experiments are by no means exhaustive, but I had

not sufficient material to cai'ry out my investigations on a

large scale or to determine the action of any external factor

other than that of temperature. The results obtained, how-

ever, are not without interest, and seem to indicate that

temperature is not the operative factor in bringing about

reproduction. My view is rather that the conditions necessary

are resident in the animals themselves and are moi*e or less

independent of other factors. The reason, then, for ray finding

reproducing animals in the warm months of the year and not in

the cold I would ascribe, either to my not being able to examine

sufiBcient material during these latter months, or to ill-luck in

not killing animals which were harbouring parasites under-

going division, which phase possibly is rapidly passed through.

(b) Division Phases.

The early stages of division are exceedingly difficult to find,

and even in those slides in which the majority of the animals

are reproducing it is almost impossible to find a specimen

VOL. 64, PART 3.
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showing the method by which the body organella become

reduplicated. That they do so, however, at an early stage is

evidenced by the many animals seen with a double set of

these structures, but with the nucleus in the various stages of

division (PI. 19, figs. 10, 15). It is probable that the supporting

piece of the head and the parabasal threads undergo longi-

tudinal division. My positive evidence for this view is based

on one animal only, of which (PI. 19, fig. 9) is a drawing. Here

the parabasal threads and supporting piece are divided, or just

about to complete their longitudinal division. Support for the

conclusion is also given by the fact that in all reproducing

animals—at whatever stage—a double set of organella can be

seen (Pis. 19, 20, figs. 10, 15, 16, 17, 20). If they had been

produced as new outgrowth and not by division of the pre-

existing structures one would expect to find the intermediate

growth stages, as was the case in the chromatic base of the

undulating membrane of D. termitis. Such stages have

never been observed.

As regards the rod-like parabasal bodies situated on the

threads I am unable to state their method of division. There

is no evidence of their breaking into granules, which are sub-

sequeutly absorbed as Grassi has described (6, 7) in Joenia

annectans.

Turning now to the nucleus the first stage of division con-

sists in the resolution of the chromatin into a large number of

round granules, the number of which appears to be indefinite,

but ranging between 50 and 60. The plastin framework is

also broken up into a cloud of tiny granules distributed

throughout the whole nucleus (PI. 19, fig. 11). Coincident

with this process the nucleus increases in volume, reaching a

diameter of 7*7 /«.

The next stage consists in tlie aggregation of the granules

to form thin rods whose number varies from 8 to 12 (PI. 19,

fig. 12).

These rods now separate one from another, an equal number
passing to each end of the elongating nucleus in which no trace

of spindle-fibres can be detected. A constriction in the mem-
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brane and further elongation of the nucleus occur, and at the

same time the plastin granules aggregate round the chromatin

rods (PL 19, figs. 10, 13, 14).

Finally complete nuclear constriction takes place and the

two daughter-nuclei remain connected together by a thin

thread (PI. 19, fig. 15).

At this stage the rods break into round bodies, variable in

numbers, which become irregularly distributed through the

nuclear substance (Pis. 19, 20, figs. 16, 17, 18, 19, 20). These

bodies rapidly lose their individuality and the typical resting

type of nucleus is formed.

A curious feature of the whole process is that one of the

daughter-nuclei is usually a little further advanced in i^econ-

struction than the other one (Pis. 19, 20, figs. 15, 17, 20).

The plastin component of the nucleus aggregates in the

middle at an early stage in division (PI. 19, fig. 13), and

during the changes described above it becomes approximately

equally distributed between the two nuclei, forming finally the

ground-work of the new bodies (Pis. 19, 20, figs. 14-20). As
the nuclei migrate one from the other the thread connecting

them disappears, but the two independent nuclei still con-

tinue to separate. The organella of the body, already divided,

follow the nuclei; thus finally two complete animals are

produced only requiring that the plasma should constrict in

order for them to lead an independent existence (PI. 20,

%. 20).

A characteristic feature of the reproduction is that during

the nuclear migration the organella undergo a rotation through

180°. During the early division phases they are similarly

orientated (PL 19, fig. 10),but later rotation occui-s as is shown

in Pis. 19, 20, figs. 15, 16, 17, 20. It is of interest that Grassi

found the same to obtain in Joenia annectans (6, p. 251).

"1 due nuclei, le due aree flagellate con relative regoli,

collari, ecc, quando i due individui stanno per separarsi, in

molti casi, forse in tutti, si sono attontauti Luno dall' altro di

180°.^'

As the supporting pieces separate each carries with it a
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portion of the striations and body flagella, so that in animal*

in this condition (PI. 19, fig. 15) each half of the complex

possesses about half the total number of striations, leaving the

other half of the body naked.

It is probable that after the separation of the animals into

two, the portion of the body devoid of striations forms them
*' de novo." It will have been noticed that during the nuclear

division' no division centre of any kind is formed, and there is

no trace of blepharoplasts, centrioles or even the paradesmose

found in D. termitis—in fact the whole process is an

example of a simple mitotic division.

There remains to be described the origin of the daughter-

axostyles. As I have pointed out in a previous work (2), the

accounts of the formation of these structures are widely

divergent from one another, and are impossible to reconcile

unless one assumes that this organ in the various flagellates

has different origins.

As there is no extra-nuclear spindle in Joe nop sis it is

obvious that the daughter axostyles cannot be formed from

such a structure as has been described in other flagellates.

For D. termitis I gave reasons for believing that the

axostyle underwent longitudinal division, and showed conclu-

sively that the paradesmose could have no connection with it.

This view is strengthened by the investigations in Joenopsis.

Whether, however, the new axostyles are derived from the

existing one by splitting or whether they are developed

"de novo" by growth from basal granules, as described by

Kuczynski, I am unable to state with certainty.

Unfortunately an animal was never encountered in which

the axostyles showed signs of division, but on the other hand

there is no trace in any of the preparations of development by

growth. In animals which have almost completed their

reproductive phases two similar axostyles are always seen

(PI. 19, fig. 16). I therefore incline to the view that in

Joenopsis, as in D. termitis, there is a rapid longitudinal

division of the old structure.
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Cyst-Formatiox and Sexual Process.

Neither-cyst formation nor sexual process can be found in

J. polytricha—a result which accords with previous investi-

gation on termite protoza. Probably Grassi supplied the

reason for this when in 1911 he wrote :
" Probalimenti la sop-

pressioni dell'incistamento e for'anche quella della feconda-

zione sono rapportabili al costume or ricordato dei Termiti

di mangiar la feccia dei propre compagni all'atto della

emissione.^'

General Coxsiderations.

(a) Classification.

At the outset I must apologise for adding one more variation

to the name Joenia, which has already suffered much change

at the hands of other workers. Thus we have Micro joenia,

Mesojoenia, JcBuina and S taurojoenina founded by

•Grassi, to which Janicki (11) had added the genus Para joenia.

It may appear that I introduce unnecessary confusion to the

literature by creating the genus Joe nop sis, but this name
seems to me to express more clearly than any other the super-

ficial resemblance that Joenopsis polytricha has with

Joenia annectans. Grassi's (7) definition of the genus

Joenia is as follows :
" Zona di flagelli richiamente la figure

del nostro cuojo capelluto : pero non esattemente simmetrico ai

due lati: bastoncello assile a mestolo, terminante posterior-

mente a oliva: doppio collare con figlioline : lamina e nastrino

lettera esse evidentissimi, ciocondati da speciale lacune a

piene di liquido : forme molto grandi.^'

Fi'om the above it is clear that Joenopsis is in broad out-

lines similar to Joenia. Thus in both forms there is a tuft

of flagella at the " head " end of the body, which arises

from a supporting piece in Jccnopsis and from a flagellate

area, crossed by transverse and longitudinal striations in

JrLMiia. In both animals there is a well-developed axostyle,

though simpler in Joenopsis, for there is no trace of the

"mestolo " or " oliva" of Joenia.
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Probabl}', however, the most characteristic feature common
to the two genera is the well-developed parabasal

apparatus, consisting of parabasal threads to which the para-

basal bodies (figlioline) are attached, the whole complex in

J. polytricha strongly recalling the description given by
Grassi of the " regolo," " collare " and " figlioline."

The quadrangular areas of protoplasm at the anterior end of

J oenia, termed by Grassi "lamina e nastrino a lettera,'' I

have been quite unable to find in Joenopsis, whose anterior

protoplasm is perfectly homogeneous, and in this respect more
nearly resembles the genns Mesoj oenia where the structures

are poorly developed. Further, thei'e is no evidence in

Joenopsis of a lake filled Avith fluid such as described

in Joenia. Turning to other characters which sepai'ate

Joenopsis from Joenia, its neighbouring genus, there

may be mentioned the groove of the body. Of greater*

interest, however, are the longitudinal striations, with their

attendant flagella of which I have written above.

The supporting piece of the head is also a characteristic

feature, not found in Joenia, but represented in the recently

described genus, Staurojoenina , by a complicated body

divided into four parts from which the anterior flagella arise.

Joenopsis and Staurojoenina are similar in lacking th&

definite blepharoplasts (batacchio) found in Joenia. The
genus Paraj oenia (Janicki) appears to be Avidely separated

from those mentioned above. The flagella are arrjmged in

two curved lines at the anterior end, there is a ti'ailing

flagellum arising from a basal granule (blepharoplast), and the

parabasal apparatus consists of two curved bodies each with

its parabasal thread attached to the granule from which the

trailing flagellum springs.

I would place J(Eno])sis near to the genera Joenia and

Meso]ocnia with affinities with Staurojoenina, but dis-

tantly connected with Paraja;nia.

Using the classification of Grassi the family Jocniida)

would be composed of the following genera :
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(1) Joenia (G-rassi).

(2) Me so joe ni a (Grassi).

(3) Micro joenia „

(4) Joenia
,,

(5) Staui-ojoenina „

(6) Joenopsis (Cutler).

(7) Par a joenia (Janicki).

(b) Parabasals.

In Joe u ia Grassi has described a " regolo " and " collare

"

to which are attached small rods—the " fii^lioline. Janicki, to

whom we owe the term " parabasal," homologises the " regolo "

with the parabasal thread and the " collare " with its

attached rods, as parabasal bodies. For the reasons given

by Janicki I employ his nomenclature rather than that of

Grassi. As I have pointed out already the parabasal apparatus

of Joenopsis is essentially similar to that of Joenia, and I

have therefore called the two long bands arising from the

supporting piece the parabasal threads and the attached rods

the parabasal bodies.

There are, however, points of difference betweeu the

structures in Joenia and JaMiopsis, for in the former there

is but a single parabasal thread which divides at its apex into

two bauds, one going to the blepharoplast and the other to

the margin of the basal lamella of the flagella. The thread-

like portion of the " collare " in Joenia is but the continuation

of the parabasal thread surrounding the axostyle. On this

encircling band the parabasal bodies are attached. Thus
Grassi includes in his term " collare " the parabasal bodies

and the posterior part of the parabasal thread.

In Joenopsis there are two threads, arising from the

supporting piece. It seems probable that we have in

Joenopsis a condition more simple, for if the distal ends of

the parabasal threads were joined together they would

encircle the axostyle, and a further fusion of the proximal ends

of the threads into a single band would produce a condition

similar to that found in Joenia. Further, the division of the
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band at the anterior ends in tliis animal renders it probable

that it is in reality composed of two threads fused together.

As regards the division of the parabasal bodies Grassi

stated in his early paper (4) that they were reduplicated after

the formation of the nuclear spindle, but was not certain

whether they were developed ''de novo" or by division,

though he inclined to the latter view. In his later work

(6) he described the bodies as usually being broken down

into granules, which were absorbed and a new set of rods

•developed. In some cases, however, this does not occur, the

whole apparatus being passed over to the daughter-organism

and a new one developed in the old animal. As I have

already stated the evidence in Joenopsis is in favour of the

view that the daughter parabasal bodies are produced by

longitudinal division of the old ones as occurs with the para-

basal threads.

In my earlier paper I have given a short account of the

various modes of formation of the parabasal apparatus in the

different genera of termite parasites; there only remains for

me to point out that in Parajoenia the structures are very

different in formation from what obtains in Joenia, Meso-
jcenia and Joenopsis, but that these three genera, on the

other hand, broadly agree with tlie genus Lophoinonas.

(c) Blepharoplast and Nuclear Division.

In both Joenia and Parajoenia there is a well-marked

body from which the parabasal threads arise together with the

training flagellum in Parajoenia and the " sospensorio,"

etc., in Joenia. In Joenopsis no such body is found.

The chief interest in the nuclear division is the non-existence

of any spindle structure, which is of importance in connection

with the development of the axostyle. In my previous paper

(2) reasons are given for doubting the view that the axostyles

were always developed from the spindle, and J. polytricha

supplies a further proof for my contention. Comparing the

nuclear division of Joenopsis with that of Joenia it is

at once evident that we are dealing with a simpler type. In
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the latter animal there is a well-developed spindle, whose
origin is not determined, but which ultimately takes up a

position in a notch of the nuclear membrane. Elongation of

the spindle occurs, and with it the chromatin is resolved into

a skein, which splits transversely. Finally the nucleus

divides and the daughter-bodies are attached for some time to

the ends of the spindle. By further elongation the spindle

becomes U-shaped, extending through the body, until in the

end it splits into two to form a portion of the new axostyles.

It is obvious that as regards nuclear division there are few

or no points of agreement between the two genera ; and on

account of the simpler nature of division, together with other

points mentioned in the earlier part of the paper, I am inclined

to regard Joenopsis as more primitive than Joenia.

Diagnosis of Jcexopsis polytricha.

A brief diagnosis of J. polytricha will be of use to

students of termite protozoa and at the same time serve as a

summary to this paper.

Joenopsis polytricha, n. gen. n. sp.—Flagellate of

large size, the average being 112 /i x 62'3 /x. The animal

is divided into two regions by a groove running somewhat

obliquely round the body, thus demai-cating a smaller anterior

end from a larger posterior one. No cytostome is present. At

the anterior end of the body there is found a supporting piece,

with numerous basal granules from each of which a flagellum

arises, the whole complex of flagella being arranged in a tuft,

forming a whip-like locomotor apparatus.

The anterior two-thirds of the body is traversed by

striations, arranged in a right- and left-handed series, taking

origin in the supporting piece. These striations represent the

edges of raised areas of the body surface, on which areas are

situated basal granules, each with a flagellum.

Two parabasal threads, on which are developed numerous

parabasal bodies, arise from the supporting piece, as does

also a well-developed axostyle. The plasma is commonly

granular and not differentiated into ectoplasm and endoplasm.
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The nucleus is found between the two arms of the sup-

poi^ting piece, and is large, measuring from 10-1 6 ix in diameter.

It possesses a well developed membrane witli chromatin in

the formB of Trregular bodies embedded in a plastin ground-

work. A clear space is seen between the chromatin and the

peripheral membrane.

The method of reproduction is by simple division into two
;

no cyst-formation or sexual process has been observed.

The first stage of division is the reduplication of the sup-

porting piece and parabasal apparatus ; this probably takes

place by longitudinal division of the existing bodies.

The nucleus divides by a simple mitosis with no develop-

ment of spindle fibres or centrioles. Further, there is no

formation of an extra spindle or paradesmose.

The origin of the daughter-axostyles is not clear, but the

evidence points to the conclusion that the old axostyle

divides logitudinally.

Habitat. Hind gut of the termite Archotermopsis
wrougtoni Desn.

Food. Particles of wood and celhilose.

JCENOPSIS CKPHALOTKICHA, N. SP.

In the living condition it is at once apparent that this

animal resembles J. polytricha in many respects, and I

think that Imms (11) has included this species in his descrip-

tion of Species /3. This is, however, incorrect, for J. cepha-

lotricha lacks the body flagella of J. polytricha; and other

characters, to be described below, show it to be a distinct

species.

At the anterior end of the body there is a tuft of flagella

(PI. 20, figs, 21, 22 H.F.) which sei-ve as locomotor

appendages.

As in J. polytricha, the endoplasra contains a number of

wood particles which are confined to the posterior end of the

body. No sliarp line of demarcation can be found between

the ectoplasm and endoplasm, which is granular, though

alveoli are by no means rare.
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I have been unable to find a cytostome or the method by

which food is ingested.

The groove so characteristic of J. poly trie ha is not

developed^ but the anterior end of the body is raised into a

broad papilla-like process whose origin is probably similar to

that of the same structure in J. polytricha.

As regards movement there is a difference between the

two species: in J. polytricha progression is by a kind of

gliding motion with continual revolution, due to the head

flagella functioning to one side of the body. In J. cephalo-

tricha the flagella alternate in their action from one side

to the other, so that although the gliding movement is

preserved there is no longitudinal revolution, but a slight

oscillation from side to side.

Morphology.—J. cephalotricha is a smaller animal

than J. polytricha, its length vai-ying from 85-90^ with a

width of 45-60 ix, the average size being 87 /^ x 51 (x. Thus

the shape is more or less oval with rounded ends.

At the anterior extremity there is a supporting piece

(PL 20, figs. 21, 22), which shows tlie same reaction to

stains as did the same structure in J. polytricha, and on

each side there ai'e numerous basal granules from which the

flagella arise (PI. 20, fig. 22).

From this supporting piece striations are given off which

traverse about one-third of the body, and are developed all

round it and not in a right- and left-handed series (PI. 21,

fig. 23).

Also these striations carry no basal granules or flagella.

In J. polytricha the striations represent the edges of

" hills ^' on which basal granules are placed, and every pair

of striations joins together at the anterior and posterior ends

of the body. In J. cephalotricha, on the otiier hand, the

striations are simply thickenings of the body surface—in fact

are comparable to those developed in the body of Poly mast ix.

Probably they ai-e strengthening structures and of totally

diflierent origin from those of J. polytricha.

Parabasal bodies and threads are not developed, but an
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axostyle, similar to that of P. polytricha, takes origin in

the supporting piece (Pis. 20, 21, figs. 21, 22, 24, 25).

The nucleus is situated at the anterior end of the body

and is bounded by a distinct membrane, inside of which

large chromatin masses are embedded in plastin. The

diameter of the nucleus is about 5*7 /* (PL 20, fig. 22).

Reproduction.—Unfortunately I have been anable to

trace the life-cycle in this animal, though I have searched

through the whole of my material. The only stages found are

figured in PI. 21, figs. 24, 25. In both these animals there ai'e

two nuclei, which have undergone reconstruction, and two

supporting pieces with their flagella. This indicates that

probably the reproduction is broadly similar to that of J.

polytricha. There is no trace of any spindle structure, but

this is not evidence that such a body does not occur—though

hy analogy with J. polytricha it is improbable—for, if

formed, it may easily have disappeared as the stages in

.question are undoubtedly late ones.

MiCROJCENI A AXOSTYLIS, N. SP.

This animal is quite distinct from the two already described

Taut is closely related to Microjoenia hexamitoides
(Grassi).

The size is smaller than that of J . c e p h a 1 o t r i c h a, ranging

from 16-16-30 fx. in length, and 12'l-25 |tt in width.

At the anterior end there is a tuft of flagella arising from

a series of granules arranged in two or three longitudinal

rows (PI. 21, figs. 26, 27).

The extreme anterior end of the body is not raised into a

papilla, but is much thickened and flattened. A similar

development is described by Grassi (6, 7), and he likens it to

an operculum of a lake containing fluid. I have no evidence

of the presence of any fluid in this region of the body ; on

the other hand I believe this thickening is an adaptation on

the part of the animal to the strain produced by the vigoi'ously

functioning flagella. Whereas in Joenopsis this strain was

compensated by the supporting piece, here in M. axostylis
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no such support is developed, but instead the ectoplasm is-

flat and thick.

The surface of the body is smooth with no trace of striations.

The most distinguishable feature of the animal is the large

axostyle arising from the anterior end of the body ; and
which, passing ventral to the nucleus, pierces the posterior end

of the body surface. Its most noticeable feature is the

width, which is 4'5-5/.<, and which, relative to the body width,

is enormous. Also it is hyaline in appearance with no

affinity for stains, in this respect resembling the axostyle of

D . t e rm i t i s

.

Unfortunately I have been unable to find any reproductive

phases. Grassi (6) defines the genus Microjoenia as

follows :

"Flagelli sorgenti in fitte serie sub-longitudinali da una

zona vicina alFextremita anteriore delimitante percio quivi

un cerchio anteriore, il quale si presenta come I'operculo di

un augusta lacuna contenente liquido, e risalta perche

sprovisto di flagelli : bastoncello assile : una serie di speciali

corpi tondeggianti al margine posteriore della zona suddetta :

fore piuttosto piccole."

It is obvious from the above that the animal I have

described should be placed as a new species in the genus

Microjcenia.

In conclusion I wish to express my thanks to Mr, J. B.

Robinson for re-drawing for publication the figures which

illustrate Pis. 18, 19, 20, 21, and to the Zoological Department,

Manchester University, for a grant which enabled this work

to be carried out.
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EXPLANATION OF PLATES 18 to 21,

Illustrating- Mr. D. Ward Cutler's paper on " Protozoa para-

sitic in Termites."

[All the figures, except figs. 1 and 2, are drawn from fixed and stained

preparations. The optical apparatus employed was as follows : Zeiss

apochromatic oil-immersion objective 2 nnii. (N.A. IS) and compensating
oculars 6, 12, 18. Critical illumination was always used. The method
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of fixation and staining and the appropriate magnification is given in

the case of each figure, except figs. 1 and 2.

The following abbrevations are employed: S.A. Schaudinn's sub-

limate-alcohol mixture. S.A. (D.J.) Schaudinn's sublimate-alcohol as

modified by Dobell and Jepps. Fl. (Gat.) Fleming's strong fluid as

modified by Gatenby. H.I.H. Heidenhain's iron-alum haematoxylin.

D.H. Dobell's iron-hasmatein.

The lettering of the figures on the jilates is as follows : A.X. Axo-
style. J5. J'. Body flagella. -B.(?. Basal granules. i^Z. Flagella. G.R.

Groove. H.F. Head flagella. P.B. Parabasal body. P.T. Parabasal

thread. S.P. Supporting piece. 8.T. Striations.]

PLATE 18.

Fig. 1.—Side view of living Joenop sis poly trie ha. Note the

supporting piece, parabasal thread and axostyle. The striations do

not appear in a right- and left-handed series as in the face view of the

animal seen in fig. 2.

Fig. 2.—Freehand drawing, as in fig. 1, of a living animal seen in face

view, showing the right- and left-handed arrangement of the striations,

also the groove dividing the animal into " head " and " body " regions.

The flagella in the living animal are more numerous than represented

in the drawing.

Fig. 3.—Stained preparation of J. polytricha, showing the sup-

porting piece, parabasal threads and axostyle arising from the sup-

porting piece. The basal granules and flagella are omitted from the

drawing. Parabasal Ijodies are not seen owing to the method of fixation.

X 450. S.A., D.H.

Fig. 4.—Highly magnified drawing of two striations with the basal

granules and flagella X 1800. Fl. (Gat.), H.I.H.

Fig. 5.—Head region of J. polytricha Avith supporting piece and

its basal granules (flagella omitted). Parabasal threads and bodies

seen. Note the resting nucleus with its chromatin bodies embedded in

the plastin ground-work. X 950. Fl. (Gat.), H.I.H.

Fig. 6.—Highly magnified drawing of a parabasal thread with its

attached parabasal bodies, x 1000. Fl. (Gat.), H.I.H.

PLATE 1\).

Fig. 7.—Resting nucleus of J. polytricha. x 950. S.A.. D.H.

Fig. 8.—Section through the body of J. polytricha, showing the
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folded surface (striations) and basal grannies, x 1000. S.A. (D.J.),

H.I.H.

Fig. 9.
—" Head " region of animal showing what is probably the first

stage of division. The organella are in most cases reduplicated, but the

nucleus is still in the resting condition, x 950. Fl. (Gat.), D.H.

Fie. 10.—" Head "" region with dividing nucleus and double set of

organella. Parabasal bodies are not seen due to method of fixation.

X 950. S.A. (D.J.), D.H.

Fig. 11.—Anterior end of animal with supporting piece and basal

granules (flagella omitted). The basal granules on the striations are

seen, but the anterior ends of the striations are omitted. Xote axostyle

arising from the supporting piece. Nucleus in the first stage of division

with the chromatin resolved into granules, x 950. S.A. (D.J.), H.I.H.

Fig. 12.—Nucleus with its so-called chromosomes ; plastin in the form

of granules. X 1800. S.A., H.I.H.

Fig. 13.—Dividing nucleus with chromatin aggregated at each pole

and the plastin situated at equator. No spindle-fibres or centrioles

present, x 950. S.A. CD.J.), H.I.H.

Fig. 14.—Dividing niicleus in which membrane is constricting. X 950.

S.A. (D.J.), H.I.H.

Fig. 15.—Dividing J. polytricha in which two sets of organella are

seen. At the top of the animal the middle portion of the striations are

seen passing over the edge of the body. Axostyles omitted. X 450.

On the right of the animal the nuclei, more highly magnified, are drawn.

Note that the upper daughter-nucleus is in a more advanced stage of

reconstruction than the lower one. x 950. Fl. (Gat ), H.I.H.

Fig. 16.—Animal at the close of division ; double set of organella,

with the exception of parabasal bodies. Striations and flagella omitted.

X 450. The daughter-nuclei, more highly magnified, are seen below.

X 950. S.A. (D.J.), H.I.H.

PLATE -20.

Fig. 17.—Dividing J. polytricha in which the parabasal bodies and

axostyles are not visible, x 450. As in the previous figures a more

highly magnified drawing of the nuclei is seen to the right. The lower

nucleus is more advanced in the reconstruction process than the upper

one. X 950. S.A. (D.J.), D.H.

Fig. 18.—Daughter-nuclei directly after separation. X 1800. S.A.

(D.J.), H.I.H.

Fig. 19.—A daughter-nucleus at the close of division. Note plastin
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granules aud the large chromatin Ijodies, approximately thirty-two in

nnmber. x 180(>. Fl. (Gat.), H.I.H.

Fig. 20.—Animal near the close of reproduction. x 450. The

daughter-nuclei below are magnified, x 950. Fl. (Gat.), H.I.H.

Fig. 21.—Drawing of a specimen of Joenopsis cephalotricha.

Note supporting piece with striations and axostyle. Nucleus at

anterior end probably in the first stage of division. X 950. Fl.

(Gat.). H.I.H.

Fig. 22.—As above, but nucleus in resting stage ; V>asal granules are

seen on the suppoiiing piece, x 953. S.A., H.I.H.

PLATE 21.

Fig. 23.—J. cephalotricha seen from al)Ove. The striations are

observed radiating from the supporting piece aud the nucleus between

the arms. X 950. S.A. (D.J.), H.I.H.

Fig. 24.—Animal at the end of division process, with two supporting

pieces and axostyles. X 950. Fl. (Gat.), H.I.H.

Fig. 25.—As above. X 950. S.A., D.H.

Fig. 26.—Stained specimen of Microjoenia axostylis. Note the

broad axostyle arising from the anterior extremity, also the thickened

anterior border with basal granules and flagella. X 950. S.A., D.H.

Fig. 27.—As above, x 950. Fl. (Gat.j H.I.H.
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Note on an Amoeba-like Parasite from
Clavellina.

By

Julian S. Huxley,

Fellow of New College and Senior Demonstrator in the Department of

Comparative Anatomy, Oxford.

With 1 Text-figure.

In the summer of 1910 at Naples I noticed that the stomach

of small (and therefore semi-transparent) individuaLs of the

social Ascidian, Clavellina lepadiformis, sometimes con-

tained a number of solid objects. When this was so it

was obvious, because the ciliary action in the stomach kept

these objects in constant and rapid motion.

On investigation the objects in question proved to be

small parasitic amoeba), of a species which does not appear

to have been previously described. It is proposed to give

it the name Amoeba clavel]ina3.

General Description.—The amoeba? are ratlier small,

the average diameter being 14-15 jli, with occasional giants of

18-17 fi and a few considerably smaller of 11-12 ju diameter.

They were usually subspherical, but occasionally ovoid, the

long diameter then averaging 1 7-18 /n. As they appear never

to adhere to the walls of the stomach, but to be whirled about

passively in the nutritive fluid of the lumen, we should not

expect to find any great development of pseudopodia; and,

as a matter of fact, these were never observed. I did not

notice anything but the mildest irregularities of contour, and

even the change to the ovoid shajio was oxcc^ptioual.
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Cytoplasm.—In one respect this amoeba is remarkable.

Although in perhaps the majority of specimens there is a

definite ectoplasm^ marked off from the endoplasm by a

definite sharp contour (Text-fig. a and b), yet in some there may

be no ectoplasm whatever, the darker, densely granular and

more refringent endoplasm coming right up to the edge of

the cell. A few specimens are intermediate, in that, although

both layers are present, there is no sharp demarcation between

them; and one of this type was seen in,which the ectoplasm

was absent over jpart of the body. The endoplasm appears

practically homogeneous in ground-substance, with quite

large, round or ovoid granules scattered through it. No
contractile vacuole was observed. In one stained specimen a

vao-ue, somewhat clearer space was seen close to the nucleus.

Nucleus.—This was almost always rather excentric in

position. It was almost spherical, varying in diameter from

about 4 to 5 ju, while the nucleolus, as I sliall call the central

body, varied from 2 to 2f fj.
in long diameter, being often

rather more ovoid than .the nucleus itself.

The nucleus, like the cytoplasm, varied considerably in

structure. The following may be taken as its typical plan

(see Text-fig. c, as an example) : On the outside there is a

definite, double-contoured, dark-staining nuclear membrane

[nu.m'.) Xext comes a clear ring, which I shall call the first

clear band, or, for brevity's sake, c. 1 ; then another dark band,

usually thicker than the nuclear membrane—the granular

band [gr.h.) ; then a second clear band (c. 2) ; and finally, a

large dark nucleolus (ncL), with a sharp edge, usually con-

taining one or more clearer spaces towards its centre.

In the commonest form the granular band is faii'ly sharply

defined, composed of very fine granules, and uniform in

thickness (and about twice as thick as the nuclear membrane),

while the clear bands are quite clear and do not take up

staining reagents. Each is about as thick as the nuclear

membrane. The nuclear membrane usually stains deepest,

then the nucleolus, then the granular band.

The followint^- variations mav occur, while the general



AN A]\[(ERA-LIKR PARASITE FROM CLAA'ELLINA. 415

type is preserved. The granular band varies— (1) In size :

it may be only as thick as the nuclear membrane^ or up to

nearly three times as thick. (2) In consistency : sometimes

ifc appears absolutely structureless (Text-fig. c), sometimes

homogeneously granular^ the granules of various degrees of

coarseness; sometimes it loses its homogeneous character,

Text-fig.

ncZ. ~

— -niv.trv.

grnb.

Fig. a.—An aiiiceba with broad, clearly-defined ectoplasm.
Nucleus of typical jilan, with very thin granular band. Some
clearer ovoid spaces in the nucleolus. The animal has elongated
to an oval shape. Fig. b.-—Amoeba with thinner but very
sharply marked-off ectoplasm. Nucleus of typical plan, the
granular Ixmd of medium breadth, finely grained. One vague
clear space in the nucleolus. Fig. c.—Nucleus of another
specimen, ncl. the nucleolus; nn.m. the nuclear meml)rano;
c.\ and c. 2 very clear; the "granular band" (<jr.h.) quite
homogeneous, thin at one side. Two round clear spaces in the
nucleolus.

consisting either of a faint structureless ground-substance

with scattered dark granules embedded in it, or broken

up altogether into more or less irregular large lumps.

(3) In shape, being sometimes very thick in one part, and so

resembling a signet-ring.

There are further variations in the staining properties of

the nucleus. The relative tingibility of the parts is usually
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retained, althougli occasionally the granular band exceeds

the nucleolus in depth of staining ; but occasionally either

the nucleolus or the granular band (or both) is exceptionally

pale.

The other main type of nucleus differs in possessing no

outer clear band, the granular band being broader and
coming right up to the membrane. Intermediate forms,

however, exist, since stages in the differentiation of the clear

band can be distinctly seen. In some specimens there is no

indication of it whatever, the broad granular band being

homogeneous in texture throughout its breadth. In other

specimens the granular band is structureless and rather pale,

with a row of few and small granules round its inner edge.

In others these granules are more numerous, in others, again,

larger. Finally one specimen was seen in which the typical

plan was comj)letely realised, save that the outer clear band

was just faintly tinged with the stain.

What the meaning of these variations may be is at present

quite uncertain. In two specimens no trace of a nucleus

could be seen ; whether the chromatin was in the form of

chromidia, and lost to view among the cytoplasmic granules,

could not be ascertained.

Habitat and Life-history.—I never saw the amoeba

anywhere save in the stomach of the ascidian. No cysts

were ever observed, nor any indications as to further stages

in the life-history. They presumably divide by binary fission

in this vegetative stage, as is indicated by this difference in

size, but no mitotic figures were ever observed. Although I

had been working at Clavellina since January, I did not

notice the amoebae until April. Whether this was merely an

oversight, or related to some fact of their life-history, I

cannot say. The amocba3 may be so numerous as almost to

fill the stomach.

In one respect the parasite is very remarkable—in the

incessant and very speedy motion in which it spends the

whole of its vegetative existence.

The life-histoiies of amoebee are none too well known, of
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marine Amoebae especially so. I have not the opportunity

myself o£ continuing my observations, and am therefore

publishing tliese fragmentary notes in the hope that some

protozoologist may thereby be incited to attack the problem

of the life-history of amoeba in a parasitic form which not

only inhabits a common and easily-kept host, but has the

rare property of being visible, in vivo, in its natural habitat.

December, 1919.
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On the Occurrence of Protohydra in England.

By

Sydney J. Hicksoii, F.R.S.,

Manchester.

The Protohydra leuckartii is a minute, solitary liydro-

zoon (about 3 mm. in length when fully extended), entirely

devoid of tentacles and known to increase rapidly in numbers

by simple transverse fission.

It was discovered fifty-two years ago by G-reeff (1) in an

oyster park at Ostend. For twenty years after its original

discovery it Wiis searched for in vain, but at last, in the

autumn of 1891 and the spring of 1892 (fide Chun (2)), it was

rediscovered in the same locality. There is no record of the

occurrence of Protohydra in any other locality than Ostend,

nor is there any record, so far as I am aware, of its occur-

rence at Ostend since the spring of 1892,

Four years ago, however, my friend Mr. Herbert Ash by

found Protohydra leuckartii in great abundance in the

pools on the tidal marshes of the river Hamble near South-

ampton, and thanks to his kindness and scientific spirit I

have had the opportunity of observing it alive and studying

its structure during several months of each succeeding year.

Our present knowledge of Protohydra is based on the

observations recorded by GreefiF, and the more detailed

accounts of the minute structure of specimens, collected and

preserved by Greeff, which have been published by Chun (2)

and Aders (3). But notwithstanding the careful investigation

of the material at their disposal by these three observers

we are still in complete ignorance of the sexual method of

reproduction in Protohydra, and it has been in the hope of

discovering how and when this important little hydrozoou

VOL. 64, I'ART 4. NEW SERIES, 28
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produces its ova and spermatozoon that Mr. Ashby and the

present writer have continued our observations during tlie

past four years.

This paper is, alas, in this respect only a record of failure.

No sexual cells and no method of reproduction—other than

by simple transverse fission—have so far been discovered in

any month of the year in which we have found Protohydra

alive in the pools.

But in view of the importance of the subject of inves-

tigation it has been decided to publish a few notes at once on

the natural conditions under which Protohydra was found to

be living in this country and the method of its capture, in

order that the chances of making the next important contri-

bution to our knowledge of the genus may be shared by others

equally with ourselves.

The pools in the tidal marshes of the Hamble river where

Protohydra is found are very variable in size but in general

of a round shape, a few feet in diameter and not more than

four or five inches deep. They are flushed with fresli

estuarine water only at spring tides. Between the pools there

is a rich vegetation in which during the summer months sea-

lavender and spartina grass are predominant features. The

water in the pools is usually clear, but is sometimes covered

with a bacterial film, and the bottom has a colour like iron-

rust due to a continuous thin crust of diatoms. When this

crust is disturbed a fine black mud is revealed which has a

foul marshy smell, particularly in the summer months. Proto-

hydra lives in this diatom crust, the oral end browsing over

the surface for food, the aboral end fixed to the mud just

below the crust.

As stated above, when fully expanded, Protohydra does not

e.xceed 3 mm. in length, but the moment it is disturbed it

contracts into spherical -ehape less than ^ mm. in diameter.

In consequence of its very small size and of its pale orange

colour, which closely resembles the colour of the crust, it is

very difficult to observe on the marsh. The only way to be

certain whether Protohydra is present or not is to scrape up
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carefully with a tea-spoon some of the crust, put it into a

bottle with marsh-water, allow it to settle in a shallow glass

dish for twelve to twenty-four hours, and when a new crust of

diatoms has formed in the dish to examine this new crust

with a lens.

The bottles containing this mud and water have been sent

to Manchester from time to time, and the Protohydra kept

under observation in the laboratory' without a fresh supply of

water for periods of five or six weeks.

A very important feature in the life-history of Protohydra

is that in the months of July and August it undergoes some
change of habit by which it has entirely evaded our observa-

tion. We have never found, notwithstanding most careful

search, any trace of Protohydra during these two mouths.

Greeff found Protohydra at Ostend in September, 1868, in

the autumn (Herbst) of 1891 and the spring of 1892. As he

failed to find it for twenty yeai's after 1868 and there is no

record of his haviug obtained it in the summer months of any

year, his observations in this respect are probably not incon-

sistent with our own. The disappearance of Protohydra in

July may be due to one of three possible causes : it may
undergo contraction and encystment or it may produce pro-

tected eggs which remain dormant until the autumn, or it may
give rise by gemmation or fission to sex-bearing medusa? or

floating bodies. If it be due to either of the first two causes

the summer stages of Protohydra will undoubtedly be ex-

tremely diflicult to find in the thick black mud of the pools.

To test the possibility of the third cause Mr. Ashby and the

writer selected a time just before the onset of the full spring

tides towards the end of July this year (1919), and made a

careful investigation of the plankton of several pools with a

fine tow-net of millers' bunting. We found no medusa, and,

we may add, no evidence of any species of the Coelenteratain

the pools or marshes.

In a problem of this kind there are many methods of attack

and we have by no means abandoned tlie investigation. Still

more careful observation of the habits of the "animal at
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different times of the year and a more careful searcli of the

black mud in the summer will be made in the hope of even-

tually solving" the mystery. But the publication of these

notes may induce others to search localities with similar

conditions to those of the Hamble river and thereby extend

our knowledge of the distribution of the species.

A few words may be added here on the constituents of the

fauna and flora of the pools. The most abundant of the-

diatoms that form the thin crust on the mud is Pleurosigma
balticum. During the greater part of the year the orange-

coloured species of Dinophilus (D. t^eniatus) occurred but

was especially abundant in the spring. In July Dinophilus

entirely disappears as it does elsewhere at that time of year.

In the spring we found large numbers of Gromia oviformis

and an abundance of ciliate infusoria (including Uronychia
sp. ? and Actinotricha saltans). Small Harpactid

Copepoda seem to be present at all times of the year and

so are immature forms of a species of Nematode worm.

There is the common shore crab, Care in us moenas, in great

numbers on the marshes, and in July we found in the pools a

late post-larval stage of Pal^emonetes varians, and, swim-

ming rapidly on its back like an Apus, the estuarine Isopod,

Exosphseroma tugicauda Leach. The writer is indebted

to Dr. Tattersall for kindly identifying these species of

Crustacea. In the spring we found a few specimens of

Paranais litoralis. This species is abundant together with

Hemitubifex and Haplobranchus in the pools of the mud-flats

at Sheerness, where it was recognised by Sir Ray Lankester

in 1887 and described and figured by Sir Alfred Bourne in

this Journal, vol. 32, n.s. The only Mollusca we have

observed are Paludestrina stagnalis Baxter (i. e.

Hydrobia ulvae Pennant) and a few specimens of an un-

identified Nudibranch.

This short summary of the living organisms of the pools in

which Protohydra is found is sufficient to indicate that the

fauna and flora are typically estuarine in character, and as

there is nothing very exceptional or remarkable about them„
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it seems highly probable that Protohydra will be found in

many other estuaries of the British Isles. The best months of

the year in which to look for it are probably April and May
when it is most actively increasing in numbers by transverse

fission. The worst time to look for it is during the months of

July and August.

Protohydra is carnivorous but we have not observed the

way in which its food is caught. Greeff describes and gives

a figure of a specimen that had devoured a Copepod larger

than itself. We have also found specimens which had

swallowed the Harpactid Copepoda that abound in the

water, and we have a preparation of another specimen that

had ingested one end of a Xematode worm.

There can be no doubt that the small and microscopic fauna

is not so rich in July as it is in the winter and the spring, but

as the Harpactids and Nematodes are abundant all the year

round and these are the only organisms that have been

observed to be the prey of Protohydra, it does not seem

probable that the shortage of food is the cause of its

disappearance in the summer. The pools do not dry up even

at the end of neap tides in the hottest summer months, so that

the aestivation is not apparently a provision against drought.

The higher temperature of the pools and the increased foul-

ness of the mud may possibly afford the explanation of the

phenomenon, but the extraordinary resistance that Protohydra

shows to the conditions of living for weeks in a shallow dish

in a laboratory without a change of water does not lend this

explanation very strong support.

Addendum.—Since the above was written Miss Lebour

informs me that Protohydra has also been discovered by Mr.

Baker up the Laira river near Plymouth. This discovery

confirms our belief that this interesting and probably archaic

Coelenterate is probably a very common form in suitable

estuarine conditions.
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I. Introduction.

Whilst working out recently the species contained in two

collections of Actiniaria (the ''Terra Xova" collection (79)'

' Numbers in brackets refer to papers in the list of literature on

pp. 564-572.



426 T. A. STEPHENSON.

and one made by tlie Irish Fisheries Department (80)), I

have been led to develop certain views on Actinian classifi-

cation. Some of the families of Actiniaria are defined by

only a small number of the more important characters pos-

sessed by the contained forms, with the result that some of

them (e.g. Ilyanthidae, Sagartiidffi, Paractidas) represent not

so much families as series of forms, each series including a

number of animals which differ among themselves in ways so

important as to be fundamental, although presenting a few-

common features. This arrangement neither represents the

natural affinities of the genera nor does it throw much light

upon their evolutionary history. It is often difficult also to

allocate new species and genera to their correct position,

because in a good many cases sufficiently precise generic

definitions have not been arrived at. I have therefore

thought it would be the best thing to set out for what they

are worth the ideas I have developed during the course of

my work. I have as yet applied them in detail to only one

particular portion of the Actiniaria, and that application

constitutes the following paper. I have begun with the group

of forms belonging to the Actiniina which possess acontia or

mesogloeal sphincters, because the collections I have been

workiug at happened to present a preponderance of those

forms ; I am also well acquainted with some living members

of it. I am hoping iu due course to work out schemes on

similar lines for the classification of those Actiniina not

included in the present paper and of the Stichodactylina,

As yet, however, I have made only a beginning on the

two latter groups, so am publishing the finished section at

once, ^tore work on these two groups may throw fresh

light on various Actinian problems, but is not very likely,

I think, to affect the section dealt with in this paper to any

extent.

With regard to the principles upon which my classification

is based, I am glad to acknowledge my indebtedness to a

paper which appeared hist year on the question of the

systematic position of the Phelliida^ by Prof. G. C. Bourne (10),
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and which has helped me greatly. I had, however, begun to

work out the main ideas involved and to form my families in

detail before I knew of Prof. Bourne's paper with its similar

ideas.

I should like to record my most hearty thanks to Prof.

H. J. Fleure and Prof, G. C. Bourne for help very kindly

rendered in different ways, and to Dr. N. Annandale for

specimens of some of his Indian anemones.

At the end of the paper I have included a discussion on the

relative merits and stability of a number of generic characters,

together with new definitions of the genera contained in the

group here treated. I have felt this justified by the difficulty

I have had in identification and related matters, and have

done it in the hope that identification may be rendered

simpler by it. In any case it is a convenience to Avork with

a collection of generic deBnitions, and in the end I hope to

make it complete.

In the two reports on anemones already published I have used

the ordinary classification almost as it stood because I had not

at the time of writing them got far enough with any other

scheme. For the purposes of this paper I am accepting pro-

visionally the main division of the Actiniaria into Actiniina

and Stichodactylina. As I have mentioned before (79, p. 14)

I have felt unable to accept Carlgren's division of Actiniaria

into Protanthea? .-md Xynantheae, and in this I am following

McMurrich, Haddon, Duerden and Bourne. The chief

difference between these two tribes is that in the Protantheae

there is ectodermal longitudinal musculature in body-wall

and actinopharynx, while in the Xynanthese there is not.

Gonactinia and Protanthea are the original Protanthe«.

But if with them we are to include all forms possessing this

ectodermal musculature, it will mean picking out a form here

and there from widely different families and putting them

together. The following forms are recorded as possessing the

ectodermal musculature, though Carlgren has expressed

doubts about it in the case of some of them (the list is not

meant to be exhaustive, but merely gives a selection)

:
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Protanthea. Bunodeopsis spp.

Gronactinia. Bolocera brevicornis

Coralliiiioi-plius. (but not other Bolo-

Corynactis. ceras).

Thaumactis medusi- Aiptasia couclii.

oides. Boloceroides.

Phymauthus cruci- Actinotryx sancti-

f e r

.

t li o m fB

.

Eicordea florid a. Actiiioporus elegans.

A more divergent collection could hardly be made. Apart

from the ectodermal musculature, their other important

characters show that they belong to totally different and

unrelated families. The ectodermal musculature of the body-

wall is no doubt the survival in a case here and there of a

primitive character possessed by the original ancestor of the

group and which has been lost in most cases. It is even

possible that careful study of the life and habits of the forms

possessing it would reveal a reason for its retention in each

case. But to use it in classification leads to unnatural results.

There will be found below references to correlation between

habit or life conditions and structure. I should like to make

a plea for the study of living anemones and their life-habits

wherever possible. As Annandale has remarked (4, p. 72)^

it is doubtful whether Gosse was so far from the truth as

later systematists supposed when he laid stress upon the

study of the living organism in the case of Actinians. At

any rate, when one studies living species one seems to gather

a much better idea of their relationships and of the meaning

of their structure than if anatomy is exclusively relied upon.

In the case of allied species distinction is sometimes extremely

simple when they are alive, but very difficult, if not impossible,

when dead, even with the aid of anatomy.

I ought to mention that in this paper I have not founded

anything on incomplete descriptions or upon descriptions of

doubtful species where that could be avoided. It seems un-

profitable to build much upon species of which our knowledge

may need revision. I have included in the lists of genera which
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follow the familj definitions at the end of the paper the

names of a number of doubtful genera (in a separate list>

in each case, from the better-known genera), but this is, of

course, quite tentative.

In re-defining the genera I have been unable to avoid

a certain amount of re-arrangement of species and splitting

or fusing of genera. I have done my best to keep this

within the narrowest possible limits, and have pointed out all

changes made. Some such revision is bound to take place

when all the genera are surveyed together, and it means that

the definitions gain in precision and therefore render identifi-

cation easier, and it has been my aim to express in them

the natural relationships of the forms, and to apply similar

principles all through, with exceptions in individual cases

which seemed to call for special treatment. I may add

that I have personal knowledge of living or preserved speci-

mens, and in most cases of sections, of representatives of half

the genera defined; in some cases I have added to generic

definitions from my own study of the forms in question. My
data about other forms are of course obtained from literature.

In cases where there are only one or two species in a given

genus, it is of course always possible that the addition of new

species to the genus may necessitate alteration of minor points

in the definition.

Finally, I have not meant the paper to be an exhaustive

compilation as regards lists of species and synonymy. I have

therefore included, for convenience, just such main synonyms

as are strictly necessary. With regard to the lists of species

following the genera, these are not in all cases complete ; but

as far as I know they include at any rate most of the species

which have been investigated anatomically, except in one or

two large genera,

I wish to acknowledge with thanks the permission to

reprint some of the text-figures from other publications.

Text-fig. 12 is reprinted from Prof. Bourne's paper on

Phelliidfe from Xew Guinea (' Quart. Journ. Micr. Sci.'), by

kind permission of the author. Text-figs. 1, 22, 23 and 82
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are reprinted from my '•' Terra Xova" report^ Actiniaria.

Text-figs. 24, 25, 27 and 81 are reprinted from my paper on

Irish Actiniaria in ' Proc. R. I. Acad.' The other text-

figures and the plates are freshly drawn for this paper.

II. Brief Histories of the Sagartiidj: and Paeactidje.

The brief histories which follow do not claim in any way

to be complete. Their aim is to simply review the chief

modifications undergone by the families since their inception,

in such a way as to render the subsequent discussions

intelligible. "With that end in view I have thought it

permissible to repeat a good deal which has been written by

various authors, but which is scattered about in different

papers.

SAGARTIID.E.

P. H, Gosse founded a family whicli lie called " Sagartiada?
"

in 1858 (P. p. 415) and definedit thus: " Sagai'tiadas. Basis

adhiereus. Tentacula simplicia, in cyclis continuis digesta.

Cutis, pro fills retractilibus armatis emittendis, perforata.''

The orenera included were Actinoloba and Sao^artia. In

his 'Actinologia Britannica,' p. 9, he gave a fuller English

diagnosis, adding nothing essential to the preceding. The

genera there included were Actinoloba, Sagartia,

Phellia, Adamsia, Ciregoria, Discosoma. Sagartia
is of course the typical genus of the family, and both Gosse

himself fST, p. 122) and Haddon later on (42, p. 302) have

made it perfectly clear that the species regarded by the

former, the founder of the genus, as the genotype, was

S. miniata. Therefore it will be taken for granted

throughout this paper that whatever may happen to the

various genera under discussion, the name Sagartiadte (in its

amended form, Sagartiidte) must be applied to the family

containing Sagartia as typified by S. miniata and its

immediate relatives.

In 1868 A. E. Verrill ('Proc. Essex Inst./ vol. v) included
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the Sagartids as a sub-family under the Actinidee. He-

placed Phellia iu another sub-family, the Phellinje, however.

In 1883 A, Andres included Actinoloba, Heliactis,

Cylista, Adamsia, Aiptasia, Sagartia and Xemactis-

in the Sagartidee, excluding Phellia and Gregoria, placing

the former in Phellidte and not definitely classifying: the-

latter.

In 1882 R. Hertwig endeayoured to establish the family on

anatomical grounds. He was, however, unlucky. It so

happened that the particular acontiated anemones dealt ^yith

in his investigations belonged to a portion of the family in

which the members have strong mesogloeal sphincters, and

have only six pairs of perfect mesenteries, which are sterile.

Even the representative of the genus Sagartia ^vhich he

had investigated (S. parasitica), happened to be the one-

species which had been included in that genus by mistake,

and which he referred to its correct position in the genus

Calliactis. The result of this was that Hertwig made a

definition of the Sagartidtfi which was based upon the pre-

sence of acontia, together with the other anatomical features

above mentioned, hut which excluded Sagartia miniata and

its allies, the true types of the family, from the Sagartida^}

In 1889 A. C. Haddon (42, pp. 301-305) referred to most

of the foresroing" facts, and showed that Sagartia miniata

and others had more than six pairs of perfect mesenteries,,

thus differing from the forms described by Hertwig. Haddon

considered that the time had not arrived for fully classifying

the family, but he constituted as a sub-family a group Avbich

he called the Chondractinina?. The definition of this sub-

family Avas fairly similar to Hertwig^s definition of the whole

Sagartida3 but was narrower, and excluded Adamsia,

Metridium and Calliactis as well as Sagartia. It

constituted, however, a very natural group within the main

' Hertwig identified one of the '-Challenger" anemones as Sagartia

sp ., but, as more recent work has shown, this identification was incon-ect.

The form in question evidently belongs to the Chondvactiniidiv. and is

probably a Sagartiomorphe or something similar.
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family^ and contained tlie forms best known to its author.

The genera included were Chondr actinia, Hormathia,
Chitonactis, Actinauge and Paraphellia.

In 1892 J. A. Simon recognised two sub-groups within the

Sagartidte—the Aiptasinas, with the sphincter endodermal or

absent, and the Sagartiua?, with a strong mesogloeal sphincter.

Among the latter he distinguished Sagartians without, and

Phellians with, a cuticle.

In 1898 J. P. McMurrich adopted Haddon's Chondracti-

nina?, at the same time suggesting that it might be almost

identical with VerrilPs Phellina?. However, the anatomy of

Ph ellia was not then understood. McMurrich had previously

suggested himself a division of the Sagartidag into Phellinas

and SargartiuEe, but he adopted Haddon's subfamily as

being more extensive than, and probably including, the genus

Phellia. His arrangement therefore is

—

Sub-family Sagaetin^.

Sagartidae witli the ectoderm naked, the acontia being emitted

from the mouth and thi-ough the column-wall, in which definite

openings (cinclides) are present (always ?) for then- emission."

Sub-family CnoNDRACTixiXiE, Haddon.

' Sagartidfe Avith thick column wall, usually with the upper poi-tion

(capitulumj different in chai'acter from the lower (scapus) and capable

of being entirely invected ; the scapus provided with an exteraal cuticle

and usuaUy nodulated or warty : the sphincter strong and embedded
in the mesoglcea : only the six primaiy pairs of mesenteries j^erfect

and at the same time nongonophoric ; acontia emitted by the mouth
only, there being no ciuclides."

This definition of the Chondi'actininse is not exactly

Haddon's original oue, but does not differ from it in anything

important.

Also in 1893 O. Carlgreu (12, pp. 86-7) discussed the

matter. He showed that in some Sagartias the primary

mesenteries were fertile, thus still further removing them

from Hertwig's Sagartidffi. He kept to the Sagartin^e and

Phellinae, but added a new sub-family, the Metridinas. His

Phellinae was practically identical with Haddon's Chondrac-
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tiuinee, but he included Phellia in it and went back to the

old name; Phellia was still not understood as regards its

anatomy, although Yerrill had said a little about it in 1867.

It will be noted that by this time the "Sagartidte" exhibited

only one differential character common to all of them—the

presence of acontia. Aiptasia had proved au exception to

the mesogloeal sphincter rule, the number of perfect mesen-

teries and distribution of gonads were shown to be variable,

and cinclides were proved to be present in some cases and

absent in others. Cuticle also was present or not in different

cases. Even a pedal disc was not invariably present (e.g.

Ilyactis).

In 1897 C. E. Kwietniewski (55) discussed the family at

length, and noticed that the acontia present practically the

only feature common to all members of it. He ends up with

a division of the family similar to Simon's.

In 1898 A. C. Haddon (44, pp. 446-7) briefly reviewed

the family history and adopted a new arrang*ement of sub-

families—an arrangement also suggested in 1898 by 0. Carl-

gren. By this time more was known of the anatomy of

Phellia, and it was realised that it Avas quite different from

the Chondractinina3, and must be placed in a sub-family apart,

which sub-family, of course, was Verrill's original Phellina;,

containing Phellia only. I repeat Haddon's definitions here

in full, since they represent the most recent classification of

the family before 1918, and are important for reference.

Family SAGARTIID^, Gosse.

'Actiniinifi v/itli a contractile pedal disc; body-wall smooth, or pro-

vided with verrucse or tubercles, and usually perforated by cinclides,

with or without a cuticle. Tentacles usually numeroxis and retractile,

not vei'y long, smooth, simple and generally entacmceous. Sphincter

muscle charactei-istically well developed and mesogloeal, occasionally

diffuse endodermal, or even absent. At least six paii-s of perfect

mesenteries ; the first cycle of six pairs of mesenteries may ])e fertile

or sterile. Acontia present."

Sub-family AlPTASilNiE, Simon.
• Sagartiida3 in which the sphincter muscle is either absent or veiy

feebly developed and mesogloeal, or diffuse and endodermal."
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Sub-family Sagaetiin^. Terrill.

" Sagartiidse with more than six pairs of perfect mesenteries, of which

the six pairs of primary mesenteries are fertile, except the directives in

some species ; body-wall soft ; no tubercles, but veiTucaa (suckers) may
be present in the upper part of the column ; cinclides present (chiefly

ectodermal invaginations) ; one or two gonidial grooves ; strong

mesoglceal sphincter muscle."

Sub-family Phelliin-i:. Yerrill.

" Sagartiidse with usually an elongated column, the capitular portion

of which is geneiully delicate and extensile ; body-wall provided with

a cuticle, but without any solid or hollow processes, such as tubercles,

vesicles, or suckers ; no cinclides. Tentacles simple, neither veiy

numerous nor veiy long. Only six pairs of perfect mesenteries

which alone ai'e fertile. The remaining mesenteries are usually

feebly developed. The retractor muscles are very strongly developed

on the primary mesenteries. Acontia usually feebly developed, and

emitted only through the mouth. Strong mesoglceal sphincter muscle."

Sub-family Meteidiin^. Carlgren.

" Sagai-tiidaj with six or more pairs of perfect mesenteries, of which

the six pairs of primary mesenteries are sterile ; usually one gonidial

groove with its pair of directives, but more may occur; body-wall

relatively thin, and without a cuticle ; cinclides present (chiefly endo-

dermal evaginations) ; well-developed mesoglceal sphincter muscle.''

Sub-family Chondractiniin^, Haddou.

" Sagartiidtti with only six pairs of perfect mesenteries, which alone

of the well-developed mesenteries are sterile ; two gonidial grooves and

two pairs of directives ; body-wall usually thick, with a cuticle and often

nodulated; cinclides absent (?); acontia rarely emitted, and then by

the mouth only; strong mesoglceal sphincter muscle."

Of these sub-families, the Sagartiinas corresponds to the

Sagartinas used by Carlgren in 1893 ; the Metridiinje to

Carlgren's sub-family with Aiptasia removed; and the

Chrondractiniinte to Carlgren's Phelliinse with Phellia

removed from it.

In work published more recently (1898, 1904), J. P.

McMurrich did not accept Haddon's arrangement for various

reasons, and returned to Carlgren's three sub-families.

In 1918 (Jr. C. Bourne (10) published descriptions of a
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number of Phellids, and discussed very fully the relationships

of the Pheliiinae (as understood by Haddon) to the other

Actiniaria. He limited the Phelliinfe to Phellia, Deca-
phellia, and possibly Halcampactis, agreeing with

Haddon in separating these forms from the Chondractiniinfe.

He analysed the characteristics of the Phelliinee, discussed the

occurrence of certain of their characters, considered singly,

among other Actiniina, and showed quite conclusively that,

going by the sum of the more important characters rather than

by one or two somewhat arbitrarily selected, they incline on

the balance rather to the Halcampida^ than to any of the

sub-families of the Sagartiidae. He showed that acontia,

the mesogloeal sphincter and certain other characters vary

independently within the Actiniina. He adopted a hypothesis

which would account for the appearance or disappearance of

acontia in groups having A'ery different combinations of other

characters, and claimed that this would get rid, once for all,

of the idea that the presence of acontia is such a positive

mark of inter-relation that all forms possessing it must be

united in a single family. The main conclusions reached

were that the Sagartiidae must be broken up, that the

Pheliiinae must form a distinct family approximating to the

Halcampidae, and that the sum-of-the-characters principle

must be generally applied in classifying the Actiniina.

PARACTID^.

R. Hertwig founded a family which he called Paractidaj

in 1882 (51, p. 41), and which he defined as " Hexactinise,

with numerous perfect septa, and Avith very contractile,

moderately long tentacles, which can be completely covered ;

circular muscle very strong, mesodermal." He placed in

this family, as his first genus, Paractis, M, t]dw,, and

also included Dysactis, Tealidium, Antholoba and

Ophiodiscus.

In 1883 A. Andres (2, p. 471), set up, independently of

Hertwig, a sub-family Paractidae of his family Actinina\ He
defined it thus :

VOL. 64, PART 4. NEW SERIES. 29
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"Forma .—Base piu o meno aderente. Colonna variiforme,

contrattile, liscia, senza pori, tubercoli, verruche o rivesti-

menti. Margine talora presente ma semplice e non sviluppato

;

non mai creiiulato e fornito di acroragi. Tentacoli policicli,

conici; retrattili ; Colore, Dimensione e Giacitura

varii." This family contained the genera Paranthus,

Paractinia and Paractis.

Of these two families that of Hertwig has priority. The

exact standing of the forms referred by Andres to his own

family is not yet known in all cases, but Pa r ant h us has

been anatomically investigated, and has been referred to

HertAvig's Paractidee on structural grounds. It is hardly

probable that Andres' family will stand, even under a new

name, when the anatomy of all its members is known. Its

forms can be referred to their correct positions one at a time

as more is known of them. It is the family of Hertwig, to

which the name Paractidae rightly belongs, that we shall

follow here.

In 1893 J. P. McMurrich (60, p. 160) widened the definition

so as to include forms with few perfect mesenteries, and he

omitted any definition of the tentacles.

In 1893 0. Carlgren (12, p. 64) gave a history and

discussion of the family. He re-defined the family as follows

:

" Actiuinen mit Fussscheibe, mit sehr contractilen, massig

langen Tentakeln und zahlreichen, vollstandigen Septan.

Septenpaare der hoheren Cyclus (vom dritten oderyierten an)

unregelmassig entwickelt, so dass das Septum, das seine

Langsmuskeln gegen den im Allgemeinen nachst niederen

Septencyclus kehrt, mehr entwickelt ist als das andere in

demselben Paare. Radialmuskulatur der Mundscheibe und

Langsmuskulatur der Tentakeln im Allgemeinen mesodermal.

Sphinkter mesodermal. Acontien und Cinclides fehlen." But

in a note at the end of this paper (12, p. 137), in the light of

some new information regarding the genus Paractis, he

transferred the above definition from the Paractidae to a new

family Actinostolidae, containing the genera Actinostola

and Stomp hi a, and made a fresh diagnosis for the Paractidae
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proper, including Paractis, This diagnosis was "Actininen

mit Fusssclieibe, mit massig langen Tentakeln und gewohnlich

zahlreichen, vollstandigen Septen. Septen in demselben Paare

regelmassig entwickelt. Eadialmuskulatur der Mundsclieibe

und Langsmuskulatur der Tentakeln im Allgemeinen meso-

dermal. Sphinkter mesoderoaal, gewohnlich wohl entwickelt.

Acontien und Cinclides fehlen."

There is little to add. Hertwig's Paractidge has been

generally accepted with modifications, and the Actinostolidaa

and Paractidge as defined by Carlgreu in 1893 have become
sub-families—Actinostolinse and Paractinee—within the main

family (see Carlgren, 1899, pp. 26-7). The features

possessed in common by the forms which have been included

in the family from time to time are the presence of a base

and of a mesogloeal sphincter and the absence of acontia and

cinclides.

In 1918 0. Carlgren (23) contributed fresh details of the

anatomy ofPolysiphonia tuberosa Hertwig, and claimed

that on account of the very unusual way in which its

mesenteries develop it should be placed in another sub-family

(Polysiphoniinfe) from the Paractinge and Actinostoliute, or in

a family Polysiphoniidje if it should be considered that the

Paractin8e and Actinostolinse had more than sub-family rank.

Details of the Polysiphoniinas will be found on p. 549.

III. Description of Certain Anatomical Details.

I should like to establish one or two anatomical particulars

before going further, because some of the statements which

will be made later on are based upon them,

Aiptasia Couchii, Cocks.

It has long been impossible to define the genus A iptasia

quite exactly, because of the absence of any description of

the anatomy of British specimens of the genotype

—

A. couchii. Pax has described, it is true, the anatomy of

an Aiptasia from Goniera in the Canary Islands, which he
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identifies as A. couchii (see 70, p. 337) ; but since it does-

not agree in all respects with the structure I find to be-

characteristic of actual British specimens, I conclude that

it may be a different species closely allied to A. couchii.

One might easily expect this to be the case in a locality so far

from Britain as Gomera. I have obtained from. Plymouth

several living specimens of A. couchii, one of them large

and the others rather small. These agree completely with

Gosse's description of the species. A stud}" of sections of

some of them reveals the following details. Six pairs

of mesenteries alone are perfect, including the two pairs of

directives. There is no sharp distinction between the primary

mesenteries and those of the other cycles, save as regards the

perfection of the former only—i.e. the mesenteries are not

distinguished into macrocnemes and microcnemes.-^ The

retractor muscles are fairly weak and perfectly diffuse (see

Text-fig. 20). My material unfortunately does not show

which mesenteries are fertile. "Well-developed acontia are

present and the mesenterial filaments possess ciliated lobes.

Cinclides present. Longitudinal musculature of tentacles

and radial musculature of oral disc ectodermal. At the

extreme margin of the body is a very weak sphincter

muscle, completely embedded in the mesogloea. It is

quite poorly developed, and consists, as seen in section, of a

thin chain of cavities in which and round the borders of

which the muscle-fibres are arranged. My sections of it are

very clear, and admit no possibilit}^ of doubt as to its

existence. A small portion of this sphincter is shown in.

PI. 22, fig. 10, which also exhibits the large zooxanthellEe with

which the endoderm is crowded. In some sections it is

possible to see quite clearly that in the uppermost parts, at

all events, of the body-wall and actinopharynx an

ectodermal longitudinal musculature is present. It is

feebly developed, but in some cases the fibres are supported

by distinct processes of the mesogloea. I have drawn a small

' See p. 456 for an exact definition of the terms " macrocneme " and.

" microcneme."



ON THE CLASSIFICATION OF ACTINIARIA. 439

portion of a transvei'se section of one of the actiriopharyngeal

grooves in PL 22, fig. 11, where these short processes seem

l)est developed. Apparently a nei've-layer accompanies this

musculature.

The Aiptasia from Gromera descinbed by Pax as

A. couchii differs from the true British species in that it

possesses no mesogloeal sphincter. Also, it can have more
tentacles—72, whereas our form seems limited to 48.

There are certain auemones in which there is apparently a

•constant maximum number of tentacles. Further, Pax does

not mention that his anemone has any ectodermal musculature

in body-wall and actinopharynx. These differences are enough

to separate it from A. couchii, and I propose for it the name
A. paxi. Its generic name should be Aiptasiomorpha
(see p. 530), not Aiptasia. The effect of the discovery of a

jnesogloeal sphincter in A. couchii on the generic synonymy

ds discussed on p. 531.

Sagartia MiniATA, Gosse.

This is the tj^pe-species of the genus Sagartia, and a short

statement of its essential characteristics will help to make later

-discussions clearer.

The body-wall is smooth when distended, finel)' corrugated

otherwise, and is provided with more or less conspicuous

suckers which are at their best development on the upper

part of the body. Cinclides are present, but I will leave the

more detailed description of these till the next section (see

.p. 451). Tentacles typically in five cycles, on the plan

12 + 12 + 24 + 48 + 96 = 192. This formula is liable to

variations affecting one or more sectors of the animal. The

lips are strongly corrugated. The species is clearly charac-

terised and separated from its nearest relatives by colour and

markings, but that does not especially concern us here and I

hope to deal with it in another place. A fairly large and

quite typical individual of which I have a series of sections

has five cycles of mesenteries. They are developed with

perfect regularity save in one sector, in which two tertiary
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pairs are absent, their absence carrying with it the fui-ther

absence of two pairs belonging to the fourth cycle, and four

belonging to the fifth. This is simply a small individual

irregularity, hardly any specimen of this species developing

exactly according to formula. The mesenterial formula for

this specimen, then, is 6 p. + 6 p. 4- 10 p. + 22 p. +44p. = 88p.

Of these, two pairs are directives and are related to the two

actinopharyngeal grooves. Twenty-two pairs are perfect

—

cycles 1-3 inclusive. Only the perfect mesenteries have

definite retractor muscles, and these are strong and diffuse,,

with slender well-branched processes (see Text-figs. 13-16).

There is no sharp distinction of the mesenteries into macro

-

cnemes and microcnemes/ the cycles being graded. Every

perfect mesentery bears two mesenterial stomata—a small

labial and a larger parietal. The zone containing the labial

stomata is about l'? mm. deep, and that containing the others

about 2-6 mm. Filaments occur on mesenteries of cycles 1-4

(inclusive) ; they are well developed. Ciliated lobes are

present. The mesenteries of the fifth cycle are very small,

and are better developed in the highest and lowest regions of

the body than elsewhere. Sections and dissections of other

specimens show that gonads develop on mesenteries of cycles

1-3 inclusive, at least, even the directives being fertile in

some cases at any rate. Acontia are present in abundance.

Definite basilar muscles are developed. The longitudinal

musculature of the tentacles and radial musculature of the

oral disc (see PI. 22, fig. 9) are ectodermal. There is a strong

and definite mesogloeal sphincter, and I have drawn a typical

section of it in PI. 22, fig. 3.

Halcampa chrysanthellum, Gosse.

I have discussed the synonymy of the genus Halcampa
in a former paper (79, pp. 8-10) in correlation with the

possession of a mesogloeal sphincter by the genotype, H.

chrysanthellum. I am now able to give a figure showing

' See p. 456 for definition of terms " macrocnenie " and " niicrocneme."'
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a small portion of a section of this sphincter in detail (PI. 22,

fig. 7). Its general situation in the body-margin is better

understood from Text-fig. 1.

The specimen illustrated is from Plymouth. The sphincter

in this species is small and perhaps weak, but distinct.

Text-fig. 1.

Longitudinal section of a tentacle and of the bodv-mai-gin of
Halcampa clirysanthellum to show position of sphincter.
c.z«. Column wall. ec. Ectodenn. ch. Endoderm. /». Mesoglcea.
sph. Sphincter.

Flosmaris Phellioides, n. gen., n. sp.

The single specimen of this species Avhich I have been able

to examine was kindly lent me by Prof. J. Stanley Gardiner.

It is labelled " Hulule : sand—close to low tide."

There is a quite distinct pedal disc, which is smooth and

very thin-walled and flabby, showing the mesenterial insertions

through its wall. The column is divided distinctly into

scapus and capitulum ; it is longer than wide, and the scapus

is of much greater extent than the capitulum. Wall of

scapus fairly thin throughout, not stiff enough to support

itself; in the lower part excessively thin, flabby, and semi-

transparent. This thinnest lower part is smooth and devoid

of sand-grains ; but the main part of the scapus is more

opaque, though not entirely so, and is covered with many
small papillge or suckers to which white grains of sand are
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firmly attached. The capitulum is fairly smooth and devoid

of saiid-graius. Margin tentaculate. I could see no trace of

cuticle even on the scapus. Whether cinclides are present

or not is uncertain, but careful examination of the wall

failed to reveal any, and I think they are probably absent.

Internally there are twenty-four pairs of mesenteries visible

to dissection. These are sharply divided into macrocnemes^

and microcnemes. The first two cycles (6p. + 6p.) are

inacrocnemes ; every one of them possesses a circumscribed

retractor plainly visibly to the unaided eye, a large gonad,

and a well-developed filament ; all of them are perfect.

There are two pairs of directives. The microcnemes form

simply tw^elve pairs of narrow streaks on the body-wall, and

in the portion of the animal dissected they bore no trace of

gonad, filament, or retractor, so that if any of these were

present they would be so small as to be invisible to the naked

eye or to a lens. These microcnemes are of course not

perfect. AVell-mai-ked but not greatly developed acontia are

present on some at least of the macrocnemes. In the case of

the macrocnemes there is a tendency for the gonad and

filament to be more extensive, or to end at a lower level in

the coelenteron, on one partner than on the other, of each

pair ; the latter point affects the retractors too. In the case

of the primary macrocnemes, the eight Edwardsia-mesen-
teries have the endings of these structures i-ather lower than

the other four primaries ; and the four lateral mesenteries of

these eight have them ending lowest of all. The lowest ends

of those of the secondary macrocnemes are generally speaking

rather higher up than those of the primary ones, and

here, if those of one partner end lower than those of the other,

it is the ventral and not the dorsal partner in each pair which

is affected—the opposite of what takes place in the case of

the primaries. I should add that the above statements are

made from a very careful dissection of one-half of the lower

three-fourths of the animal (the uppermost end being devoted

to sections), aided by a less detailed study of the other half

' See definition on p. 456.
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—I did not wish to break tlie specimen up too much. But

the animal is large and well preserved, and what I did see of

the second half without injuring it unduly allowed me to see

that in most respects it is certainly, and in the rest probably,

exactly identical in essentials with the first. It will be noted

that although there are two cycles of macrocnemes here, the

transition from cycle 2 to the microcnemes is very abrupt,

there being no intervening cycle or cycles of moderately

developed mesenteries between the fully-developed macro-

cnemes of cycle 2 and the rudimentary microcnemes of cycle 8.

Sections of the upper part of the body confirm many of

the above details and provide others. The retractors of the

macrocnemes vary in size in individual mesenteries, but as a

whole there is not much diiference between the primary and

secondary macrocnemes in this respect. The macrocnemes

and microcnemes bear well-developed parietal muscles. In

the uppermost part of the body some additional microcnemes,

over and above the twelve pairs visible on dissection, are

present. Some of the microcnemes bear acontia at a fairly

high level. The longitudinal muscle of the tentacles and

radial muscle of the disc are fairly developed and ectodermal.

A mesogloeal sphincter is present, but it is rather small and

appears to be entirely confined to the upper part of the

capitulum, just below the margin. I cannot as yet be sure

about cuticle, but although there is evidently no conspicuous

development of it, a certain amount may perhaps be present

on the scapus. I hope to add to this description sooner or

later.

IV. DiscDSSiON OF Acontia and Cinclides.

(In relation to the scheme of classification which follows.)

Acontia.

It will be evident from the foregoing brief account of the

history of the family Sagartiida3 that the majority of authors

consider the chief diagnostic character of the family to be the
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possession by its members of acontia. Under the heading
" Sagartiidas " has been gathered together a miscellaneous

collection of forms differing very considerably among them-

selves, but possessing no other common feature save the

acontia. There is, it is true, a second character found in the

majority of them—a mesogloeal sphincter—but this is not

universal and occurs in many forms devoid of acontia.

One might say that all anemones are related to one another

because all have mesenterial filaments. Although this is the

case, it in no way follows that all anemones must be included

in one family, or considered as being very closely related,

on account of that single feature, however much they may
differ among themselves in other ways. Now an acontium

can only be regarded as a specialised form of mesenterial

filament. It is distinguishable from the latter by certain

histological details and by the fact that it is free from the

edge of the mesentery save at one end. There is therefore

no reason why two given forms should be placed in the same

family or even considered to be very closely related because

both possess acontia if they are very different in other ways.

It is quite a possibility, as Bourne has pointed out (10, p. 81),

that acontia (which are not all identical in structure) may
have been independently acquired by several groups of

Actinians. I am personally of the opinion that it is more

probable that all forms possessing them are descended from a

common ancestor, as I shall repeat with what evidence there

is in favour of my view later on. But even if this is the case,

we do not know how old the group is, and it may be quite

old enough to allow for a good deal of divergent evolution

since the acquisition of acontia. There is no reason to

suppose that that acquisition may not have been at a fairly

early stage, since an acontium is but a variety of filament,

and filaments are present even in the earliest known
anemones. This does not, however, dispense with the

acontium character as a useful one in classification, provided

it is used as one among others and is not made more important

than anything else.
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A transverse section of a typical acontium is shown in

PI. 22, fig. 4. The figure displays the general kidney-shaped
fomn typical of acontia in section, the axis of mesogloea, the

large thick-walled nematocysts arranged fanwise on one side

of the acontium, and the presence of granular gland-cells.

This particular acontium is one belonging to Sagartia
mill lata, and is stained Avith borax carmine and picro-indigo-

carmine, which picks out the sting-cells very clearly.

Acontia, in general, are slender white or coloured threads

attached to the borders of mesenteries at one end and quite

free at the other. Their surface is ciliated, and if a piece of

acontium is detached from the animal and placed on a slide

in a little sea-water, it may exhibit fairly active serpentine

movements on its own account for some time. An acontium

is mainly characterised histologically by the possession of

numerous and often extremely large thick-walled nemato-

cysts. It has also a delicate layer of longitudinally disposed

muscle-fibres, which do not always bear the same relation to

the axis of mesogloea. Many gland-cells may be present. A
simple mesenterial filament resembles an acontium in general

form and in the possession of gland-cells and nematocysts,

but it lacks muscle-fibres and its nematocysts are typically

smaller and less numerous.

Acontia are emitted more or less copiously through the

mouth (according to the kind of anemone possessing thein)

under certain circumstances, such as irritation. The freedom

with which they are put forth varies in different species.

They doubtless help to paralyse prey and to defend the

animal. If there is a wound they come out through it, and

if pores are present in the body-wall these also may be used

as means of egress. The cilia covering the acontia may help

in their extrusion, but the chief facts about their emission will

be dealt with in considering the cinclides. Acontia are more

abundantly and better developed in some genera than in

others, and in some cases may be partially reduced or even

quite rudimentary, so that great care is needed to detect

them.
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C i 11 c 1 i d e s

.

The definite pores whicli occur in the body-walls of certain

anemones, and to which Gosse gave the name cincUdes,

seem, to have been first noticed by Eapp in Calliactis

parasitica (''Sagartia" parasitica). Various authors

have coufirmed the fact of their existence. Gosse considei-ed

that the purpose of the cinclides was to let out acontia, and

a connection between the two often seems to be assumed. It

is an idea which has gradually gained weight iti my miud,

that the relationship between acontia and cinclides is really

secondary and in a sense accidental, and that the acontia

emerge through the cinclides because the cinclides happen to

he there. If this is the case, what is the primary function of

the cinclides ? It seems likely that they are structures

typical of more or less delicate-bodied^ anemones which

provide for the establishment of a relationship betAveen the

water in the animal's coelenteron and the sea outside ; and

that they provide a line of least resistance for the escape of

some of this water on sudden violent contraction of the

animal, tlms preventing a definite rupture of the wall. There

is a good deal of evidence in support of this view, which I

will set forth.

In the first place, a number of anemones possess cinclides

but have no acontia. The pores found in these species have

not before been actually termed " cinclides " as a rule, but in

structure and relationships they are identical with some

Sagartian cinclides, and I shall henceforward apply the name

to them. I had the opportunity of observing, through the

kindness of Mr. H. C. Chadwick, of the Port Erin Biological

Station, tiie habits of two living specimens of Peachia
hastata in good health. This species has no acontia, but

its physa is perforated by very many cinclides arranged in

longitudinal rows. It is not easy to observe these cinclides

' The wall of the body in the genus Calliactis may be fairly thick

and film, and is therefore less delicate than in many cinclis-beariog

forms. It is perhaps a case in which strength of body-wall will

eventually be gained at the expense of loss of the cinclides.
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in a living animal undei* wateiv because it does not keep stilly

and is ever changing its shape. However, I succeeded in

getting a clear view of them, even with a one-sixth objective.

They have the appearance of little windows or thin dia-

phragms ia the body-wall, which are pale by transmitted

light; and in the centre of the window is a small aperture

the size of which varies from time to time.^ The animal,

therefore, keeps these pores open, sometimes at any rate,

when at rest and in a healthy condition, and it seems evident

that they have some connection Avith water-currents. In

longitudinal sections of the cinclis-region of one of these

specimens one can see that the pores may have a structure

similar to some of the cinclides in Sagartia. In some cases

it seems that they originated by an ingrowth of the ectoderm,

which pushed its way through into the interior. One such

ectodermal invagincdion is figured in PI. 22, fig. 6, It will be

seen that the mesogloea and muscular layer are interrupted

by the penetrating ectoderm, which is itself penetrated by a

definite channel. The resemblance of this cinclis to the one

drawn in PI. 22, fig, 2, from near the edge of the base of

Sagartia miniata is most striking.

Other anemones possessing cinclides but no acontia are the

following: Hertwig describes pores in the physa of Hal-

campoides clavus which, from both his description and

figures, are evidently ectodermal invaginations comparable to

some of those near the base in Sagartia miniata. Prof.

G. C. Bourne tells me that he has found pores in the physa

of an Edwardsia, whose relations are just those of cin-

clides. Harenactis attenuata has a definite longitudinal

row of cinclides communicating with each exocoel and each

endocoel in the upper part of the long vermiform body. Other

instances might be mentioned.

Let us now turn to those forms in Avhich both acontia and

cinclides occur. Gosse discusses cinclides in his 'Actinologia

Britannica,' pp. xxv-xxix. He records observations of open

' I am not sure that the "' window" is invariably pei-forated, but it is

at least frequently so.
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cinclides in specimens which were presumably at rest ; and

that a very thin membrane may often be detected across the

mouth of an open cinclis. He attributes this membi-aue to

the constant sloughing of mucus which tabes place in

anemones. He records also that in an animal which had

emitted acontia there were open cinclides through which no

acontia protruded as well. He attributes the emission of

the acontia to the currents of water which are forced out of

the animal when it contracts, and notes in connection with

this that acontia frequently come out of cinclides as loops—
not free end first—and that more than one acontium may
protrude through one cinclis. G. Y. Dixon (27) subscribes to

Gosse's account of the cinclides from his own observations,

except as regards the thin film across the mouth of an open

cinclis. Dixon states that in fully expanded animals (he

is dealing with Sagartia venusta, S. nivea, aud S.

miniata) when at rest the cinclides are generally open, and

suggests that the emission of acontia is not their only

function, but that, as Agassiz has supposed, they take part in

providing communication between the interior of the animal

and the surrounding water. Milne-Edwards attributes the

liberation of water as well as acontia to the cinclides, and

Hertwig suggests the passing in and out of water as the

function of the pores of Halcampoides clavus.

I have not experimented at all exhaustively with anemones

with regard to cinclides, but what observations I have made
are enough to show that the connection between acontia and

cinclides is secondary and accidental. If one suddenly squirts

a little water containing carmine powder (I did it with S.

miniata and C. pedunculatus) into an auemone^s mouth

with a fountain-pen filler, when the anemone is expanded and

pretty well distended with water, this causes the body to

contract suddenly and violently, and one can then see very

clearly that little jets of carmine are projected with great

force through the cinclides, and travel to a considerable

distance from the animal before being lost in the water.

They come out instantaneouslij, the cinclides acting as safety-
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valves against rupture of the wall at the first contraction-

jerk, the main volume of the carmine returning more slowly-

through the mouth. These jets of water and carmine are 7iot

generally followed by the protrusion of acontia quite imme-

diately, the latter seeming on the whole to be forced out only-

after a good deal of contraction. And of course in any case

the mouth is their chief exit. Apart fi-om this I have seen,

under the microscope, water spurting from the cinclides of a

contracting animal. On one occasion I had a Sagartia
miniata under the microscope, and on gently pressing it I saw

a jet of water come out of a cinclis, followed by an acontium.

I have also seen the acontia forced out by the water as loops,

forced into the tentacles by water currents, and forced

through the base of an animal just removed from a stone. In

the last case the water would be expelled from the con-

tracting animal through small invisible wounds or very thin

places such as do occur in the pedal disc, and acontia would

accompany the water.

All this seems to show that the acontia come out

anywhere where the least resistance is offered, that the

cinclides act as safety-valves for water, and that the acontia

come out of them incidentally, being propelled in all directions

by the escaping water. What, if any, other functions the

cinclides have I do not know, and a good deal of investiga-

tion, not necessary for my present purpose, would be needed

to find out.

In Sagartia miniata and Cereus pedunculatus they

sometimes seem to close when one would expect them to be

open. In those cases in which I have most clearly observed

open cinclides in one of these species when completely a^ rest,

there was certainly a film such as Gosse described stretching

across the open mouth of the cinclis. This film may be the

diaphragm, which will presently be described as characteristic

of certain cinclides, and which, as is shown by sections, may
or may not be penetrated by a definite channel or aperture.

It would be quite natural for the aperture, if present, to be

kept closed by its sphincter in a state of rest—some of the



450 T. A. STEPHENSON.

time at any rate. When a cinclis emitted water, either the

hole in the diaphragm would be opened (this I have seen

taking place), or else the water would rupture the diaphragm

in its excessively thin central part, which, as will be seen, is

specially constructed so as to heal again easily. InPeachia
the cinclides were in many cases, when I saw them, quite

definitely open—the aperture in the centre of each " window "

being quite clear and free from a covering film. In this

species the life-conditions are not those of Sagartia, and it

may well be that the cinclides have a more extended function

Text-figs. 2 and 3.

.-^—re-

Sections of cinclides of Sagartia miniata. Fig. 2 on left.

3 on light. See p. 4.52. CM. Endodernaal circular musculature.

Ec. Ectoderm. En. Endoderm. M. Mesoglcea.

connected with the frequent change in form of the body as

well as that of acting as safety-valves.

It seems, therefore, a fair conclusion from the above-

mentioned data that cinclides and acontia are characters

Avhich may have been independently acquired, and have

become more or less secondarily connected in some cases. It

does not seem unlikely that the cinclides caine first, as those

species which possess them but do not possess acontia are

fairly primitive forms. This being so, although there is no

reason why " presence of acontia " and " piesence of cinclides
"

should not be used as two amonsf other characters in classifica-
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Ec- —

-

tion, we are not necessarily to suppose, when the two are found

in conjunction, that this forms a high double specialisation, all

forms possessing which must be united in a single family. It

should also be borne in Text-figs. 4-6.

mind that many forms

possessing acontia are de-

void of cinclides, and this

makes it an additional ad-

vantage to treat the two

characters separately.

Before leaving the ques-

tion of cinclides, I think it

will be of value to describe

their mode of occurrence

in a single typical case.

Sagarta miniata affords

a convenient example. In

a specimen of the species

of which I have a complete

series of sections the fol-

lowing details are found.

The uppermost margin of

the body is occupied by the

sphincter muscle, so that a

zone of about 2'3mm. below

the margin is quite free

from cinclides, which would

interfere with the sphincter

if they penetratedit. Below

this is a zone about 2*8 mm.

deep in which occur many

cinclides. This is followed

by a wider belt about

3*4 mm. in extent, which

is devoid of cinclides. Lastly, the zone of the body-wall

immediately above the base, a zone about 1-3 mm. deep,

is again occupied by cinclides. That is to say, there are two

VOL. 64, PART 4.—NEW SERIES. 30

Sections of cinclides of Sagartia
miniata. Fig. 4 above. 5 in centre,

6 below. Letterhig as on Text-fig.

2, p. 4o<.». Also P'. Disintegrdting

epithelial mass.
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zones in which cinclides occur, separated by a barren zone.

The lower zone is as near the edge of the pedal disc as

possible, and the upper zone is as near to the uppermost part

of the body as it can be without interfering with the

sphincter. This distribution is significant in connection with

the function of the cinclides as safety-valves^ etc., because it

means that they occur near the corners of the exocoels and

endocoels which are furthest from the mouth or main exit.

Furthermore, the zone in which the upper cinclides occur

coincides exactly with that occupied by the labial and

parietal stomata of the mesenteries, so that the pores

allowing water to pass through the mesenteries are on a

level with those allowing it to escape through a wall.

It is evident that the cinclides of the lower zone are not

typically identical in structure with those of the upper. One

may say that frequently the upper-zoue cinclides are chiefly

or Avholly outpushings or evaginations of the endoderm,

whereas those of the lower zone are often invaginations

of the ectoderm. Moreover, a more complex structure may
be detected in many of the upper cinclides than I have seen in

any of the lower ones examined. Text fig. 2^ and PI. 22, fig. 2,

show two good examples of lower-zone cinclides. Both show

an interruption in the rather thin mesogloea [M.), and a

channel penetrating the ectoderm [E., Ec), which has pushed

its way right through the wall and forms two little lips on the

inner side. Text-fig. 3 shows another, in which the ectoderm

is just in the act of penetrating the mesogloea, but has not

actually gone through the endoderm jet. Text-fig. 4, on the

other hand, shows one of the upper ciuclides in a young con-

dition, in which it is growing out through the mesogloea fron
the endoderm. Text-fig. 6 is a section cut a little to one side

of the centre of the same cinclis as that shown in Text-fis:. 5,

and it demonstrates the outpushing from the endoderm very

' In all the text-figures of ciuclides (2-9) I have indicated the general

directions of the endoderm-cells hj continuous strokes, those of the

ectodei-ni cells by interrupted lines. The mesogloea is dotted or shaded

more darkly.
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well. Text-lig. 9 shows another similar case, the section here
also being cut a little to one side of the central perforation.
Text-figs. 5, 8, and PI. 22, fig. 1, show sections passing exactly
through the centre of three of these upper cinclides. In these
cases it will be seen that the main mesogloea and the endo-
dermal circular muscle cease abruptly on either side of the

Text-figs. 7 and 8.

Sections of cinclides of Sagartia miniata. Fig. 7 above,

8 below. Lettering as on Text-fig. 2, p. 450. Also J. Acontium.
D. Diaphragm.

<;inclis, but that stretching across the interrupted part there

is a little very delicate diaphragm (-D.), consisting of practi-

cally nothing but muscle-fibres. The diaphragm itself is

interrupted in its middle, putting the ectoderm and endoderm

in communication with one another. Ikit although there is

also sometimes a definite channel penetrating the epithelium

as well as the diaphragm (Text-fig. 5), this often seems to bo

absent or at any rate irregular (Text-fig. 8, and PI. 22,
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fio-. 11). (In preserved specimens, of course, the body-wall i&

often in a somewhat contracted condition, and the cinclides

seen in sections are generally closed ones, the two opposing"

walls of the channel, when it is present, being pressed against

each other.) In some cases one can see that in both longitudinal

and transverse sections the muscle-fibres composing the little

diaphragm are cut crosswise. This implies that they run

circularly round the diajohragm and form a little sphincter-

muscle, which in life is no doubt capable of keeping the

orifice of the diaphragm closed. In PI. 22, fig. 5, is seen the

diaphragm of a cinclis, much enlarged, as seen with a ^-^ oil-

immersion objective ; it shows the muscle-fibres (which must

be derived from the endodermal circular muscle) cut crossicise

in a transverse section of the whole body. Longitudinal

sections, if clear, present a similar appearance. Text-fig. 7

shows an open cinclis with an acontium partly protruding

through it.

The fact that some of the cinclides show a definite interrup-

tion in the thin muscular diaphragm, but not an actual passage

through the epithelium, seems to give additional confirmation

to the idea that they act as safety-valves. It is possible that

the cinclides of this type, when first formed, are not exactly

pores, but are organised " thin places,'^ or " soft spots,'^ or

"lines of least resistance," through which Avater will burst if

through any part on sudden violent contraction of the body.

It is noticeable that the parts which in these cases present a

' It may l)e noticed that in this figure (PI. 22, fig. 1) there is a little

l)i'idge of endodenn crossing the internal cavity of the cinclis. This

is due to the fact that some cinclides have little lips of endoderm on

their inner sides, and in this particular section the overhanging edge

of one of these lips has got cut across. In this figure, as in Text-fig. 8,

it will also be seen that the two cinclides from which these figures

were drawn are only partly evaginations of the endoderm, and appear

to be partly also ectodermal invagination. They are really more

evaginations than they appear to be at first sight, because externally

directed papilla; of mesoglcea happen to flank the opening of the cinclis

and give rather a false impression when more of the parts surrounding

the cinclis cannot be seen.
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definite interruption (the muscle and the mesoglcea) are those

which would be least easily renewed after a rupture, whereas

the easily-renewed epithelium presents no definite channel.

It is not impossible, again, that a cinclis of this kind, once

burst open, may retain the channel formed in the epithelium

by rupture and regularise it.

Text-fig. 9.

-CAI

Section of cinclis of Saj^artia miniata. Lettering as on

Text-fig. 2, p. 450. Also N. Mesenteiy.

There is one point which will be affected by the notes given

above. Carlgren included, tentatively and with a query, in

his diagnosis of the sub-families Metridiina3 and Sagartiinfe

the character that in the former the cinclides are chiefly

endodermal evaginations, and in the latter chiefly ectodermal

invaginations. But since it is now seen that both kinds may

occur in one animal, not to speak of one species or one genu.s,

that character evidently cannot be used as a family one.

The cinclides described by Carlgren for S. viduata are more

like tho.se characteristic of the lower zone in S .
mini at a than

the others, but are not identical, though they are ectodermal

invaginations. The cinclis figured by Hertwig for Calli-

acti°s parasitica (Sagartia parasitica) looks most like

an outpushing of endoderm.
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Y. Discussion op Characters to be Used in Classification,

In clioosing a series of characters for use in the discussions

which follow I have selected those which appear to be the

most important and those most generally distributed among

the forms with which this paper deals—forms wnth meso-

gloeal sphincters. I have eliminated characters of merely

generic importance and liable to occur anywhei'e. It is of

course impossible to draw a hard-and-fast line between

characters which are and are not of sufficient importance

to i"ank as family characters, but I have made my list as

fairly as I can,

I have been considerably impressed during the course of

my work with the importance of one of the characters

affecting the mesenteries. In many forms there is a mai'ked

differentiation of the mesenteries iuto two main types. I am
applying to these types throughout the course of this paper

the terms macrocneme and inicrocneme. I regret that it is

necessary to introduce new terms, but I do not feel that it

would be wise to risk confusion by not doing so. There are

two words already in use

—

macromesentery and micromesentery

—which Avould serve my purpose if taken in a certain sense,

but I have noticed that different authors mean different

things when they use these words, and have therefore intro-

duced new ones to make my meaning clear. By a inacrocneme

I mean a large, perfect mesentery bearing a well-developed

retractor muscle (usually " circumscribed '" and consequently

reniform in section), a gonad, and a well-mai-ked filament

;

these in addition to a parietal muscle as a rule— generally

the latter is very definite. A microcneme varies in the exact

details of its development in different cases, but is typically

reduced to little more than a narrow lamella bearing parietal

musculature ; as a rule it is not perfect, bears no gonad, no

retractor muscle and no well-developed filament. The con-

trast between a typical macrocneme and a typical microcneme

is well brought out by Text-figs. 11 (macrocneme of Phellia
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phassonesiotes) and 10 (microcneme of P. phasso-

riesiotes), which are both drawn to the same scale.

It will be evident that if an anemone possesses a number

—say six pairs—of macrocnemes, and all its other mesen-

teries are microcnemes, the distinction between the two is

Text-figs. 10 and 11.

Text-fig.]0{Below).—Microcneme of P hell iaphassoues iotes.

Text-fio-. 11 (Above).—Macrocneme of Pliellia pliasso_-

nesiot'es. Both drawn to same scale. _^5._Body-wall.

Endoderm. F. Mesenterial filament.

R. Retractor. T. Testis.

E.

P. Parietal muscle.

one of the most striking and important features of that form.

Text-fig. 12 shows a good example of this. It is a transverse

section of Phellia phassonesiotes, and shows how the

macrocnemes fill up almost the whole ccelenteron, whilst the

microcnemes are insignificant.

One must add the qualification that in Diadumene
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schilleriana (PI. 22, fig. 12) (see p. 521) some of tliemicro-

cnemes of some individuals may develop unusually and

produce gonads and retractors. This means that in such

individuals the distinction of the mesenteries into macro-

and microcnemes is partially lost (see p. 499). Apparently

Text-fig. 12.

Transverse section of body of Pbelli a phassonesiotes.

it is not fully marked in this species in any case, although

often the macrocnemes alone are fertile and always are alone

perfect. The existence of this form, which is intermediate

between those in which the division into macro- and micro-

cnemes is fully marked and those in which no such distinction

exists, does not alter the main fact of the usefulness of the

presence or absence of this distinction as a classificatory

character. There are many useful characters between which
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intermediates exist. Speaking generally, however, niicro-

cnemes are very small and at most bear a small filament and

an acontium, together with an insignificant vestige of longi-

tudinal muscle, or they may be rather broad lamellae, but

devoid of filament, etc. As an exceptional thing a few micro-

Text-figs. 13-16.

•a^,

m.f

Mesenteries of Sagartia miniata. one mesentery from each
cycle, of cycles 1-4. All drawn to same scale, m.f. Mesen-
terial filament, r. Retractor.

cnemes in Pelocoetes (PI, 22, fig. 13) may develop gonads,

filaments, or retractors, but here the distinction into macro-

and microcnemes is very definite (see Test-fig. 28), and as a rule

the latter are rudimentary. The number of the macrocnemes

is in most cases a stable and reliable character. It so happens

that most of the forms here dealt with have six pairs of

macrocnemes only, but one of them has twelve pairs, and in
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other families not under immediate consideration there are

other numbers.

In species the mesenteries of which are not differentiated

into macro- and microcnemes, it is found that the mesenteries

of the first cycle may only differ from those of the second

cycle by being a little larger, the second-cycle mesenteries differ

from those of the third cycle in the same way, and so on—that

is to say, there is a more or less graded series from the oldest

cycle downwards and the primaries are not the only mesen-

teries that are really well developed. The mesenteries of all the

older cycles bear avell-developed retractors and filaments, the

sizes of these diminishing as we pass from older cycles to

younger ones. Text-fig. 19 shows several mesenteries from

one of these forms (Actinauge richardi). It includes

one primary, one secondary and one tertiary pair of mesen-

teries, all provided with filament and retractor and exhibiting

a graduation in size. The fourth cycle here is still quite

small. Text-figs. 13-16 show four mesenteries, one from

each of the first four cycles, of Sagartia miniata, and

bring out the gradation very well. All four figures are

drawn to same scale. Among forms of this nature the

retractors are typically diffuse, only rarely circumscribed.

Two types of diffuse retractor are illustrated in Text-figs. 20

and 21, one of them more perfectly diffuse than the other.

In this class of anemones the number of mesenteries which

reach and join the actinopharynx—i . e . are perfect—may be

six pairs only or may be many pairs. Here again there is

not an absolutely clear-cut distinction, because a few species

in which the standard number of perfect pairs is six show a

tendency to develop seven or eight or even a few more

perfect pairs (i.e. one or two more than the six primaries) ;

and in a few species belonging to genera with a higher

standard number of perfect mesenteries than six pairs the

total number may not be many more than six. Nevertheless,

to divide forms into those with six pairs perfect on the one

hand and those with more than six (usually twelve or

more) on the other, is on the whole a useful and reliable
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distinction if used as one character among others, and fits in

very Avell with what we may suppose the evolutionary history

of the group to have been (see p. 487). The contrast between

a typical form with six and a typical form with more than twelve

Text-fig. 17.

D-

3T%
Transverse section of body of Sagartia miuiata. APH.

Actino-pharjTix. APH.G. Actinopbaryngeal groove. BW.
Body-wall. D. Directive mesentei'y. Xiimbers indicate

mesentery-cycles

.

pairs of perfect mesenteries is well shown by Text-figs. 18

(transverse section, Calliactis parasitica) and 17 (ti-ans-

verse section, Sagartia miniata), which also bring out the

absence of any distinction into macro- and micromesenteries.

In Text-fig. 17 most of the mesenteries of cycles 1 to 3

are seen to be perfect, and those which do not actually join
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the actinopharynx in the figure do so in sections cut at a

slightly higher level. Cycles 1 and 2 are almost iifdistin-

guishable at this level; cycle 3 is smaller, but all three

cycles bear strong diffuse retractors (shown as bla<;k thick en-

ings of the mesenteries), and their filaments and acontia are

seen occup3'ing the exocoels and endocoels as dotted patches.

In Text-fig. 18 the primary mesenteries are certainly much

icider than the others, but this particularly marked width

is only found at the level of the actinopharynx where they

stretch out to join it, and it is clearly seen that they have no

strong musculature like the macrocnemes of Phell ia, nor are

they fertile. On the other hand, in this figure the mesenteries

of cycles 2 and 3 bear weak retractors, filaments and gonads.

In both Text-figs. 17 and 18 the fourth-cycle mesenteries are

small at the level sectionised, being the j-oungest cycle in

evidence at that level. In forms like this the mesenteries of the

youngest cycle (sometimes even more of the youngest ones)

are liable to remain small, and may sometimes be practically

in the condition of all the imperfect mesenteries or micro-

cnemes of a form where the distinction into macro- and

microcnemes prevails. On the other hand they may become

important as gonad-bearers.

In these forms which have lost the distinction into macro-

cnemes and microcnemes, the distribution of gonads is variable.

They may be boi-ne by all the mesenteries, or by all the older

cycles, or the primary mesenteries may be sterile. In some

cases, even, all but the youngest mesenteries are sterile. The

distribution of reproductive organs is too variable within this

group to be of any general use as a family character, but thei'e

ai*e two well-marked families in which the gonads (Text-fig. 18)

adopt one or other method of appearance exclusively. These

two groups are the Chondractiniida? and Sagartiidae as limited

on pp. 533 and 544. For further remarks on gonads see p. 51 7.

To turn to another character, most frequently anemones

have the longitudinal muscle-layer of the tentacles borne upon

more or less slender processes of the mesogloea, which project

outwards into the ectoderm and support the actual muscle-
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fibres. This gives rise to a very characteristic appearance in

a transverse section of a tentacle (or of the oral disc, the-

radial musculature of which generally resembles the longi-

tudinal musculature of the tentacles), the outer edge of the

mesogloea appearing fringed with little dendrites. The size,.

Text-fig. 18.

Transverse section of body of Calliactis parasitica. APH.
Actinophaiynx. B. Body-wall. D. Directive mesentery. F.

Mesenterial filament. K. Interrupted perfect mesentery.
Numbers indicate mesentery-cycles.

form and mode of branching of the latter varies according to

species. PI. 22, fig. 9, shows a typical example from Sagartia

miniata.

In some genera, however, most of which on other ground.s

appear to be advanced, the longitudinal musculature of the

tentacles and radial musculature of the disc have become
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entirely embedded in the niesogloea. It no longer has the

form of branching processes bearing the fibi-es, but becomes a

-network of cavities the walls of which support the fibres

(PI. 22, fig. 8), or else the fibres merely lie in bundles in the

mesogloea. This state of affairs is obviously an advance on

that in which the musculature is ectodermal, and is of a certain

classificatory importance. There is not, it is true, any single

family in Avhich all the members present this feature, but in

the Paractidte (in the strict sense, as defined on p. 548) it is

•so far the rule as to be of value in determining the relation-

ships of the family. In a few cases the ectodermal type shows

a partial sinking into the mesogloea.

Text-fig. 19.

Transverse section of a part of body of Actinauge ricliardi
showing part of body-wall and some mesenteries. M.
Mesenterial filament. R. Retractor. Numbers indicate
mesentery-cycles.

In some anemones the body is '' all in one piece "—that is,

not distinguished into definite regions. But in other cases

three more or less well-marked zones are diiferentiated.

These are seen at their best in Edwardsia, where the

greater part of the body, or scopus, is marked off not only

from the more delicate oral extremity {capitidum) which

bears the tentacles, but also from the rounded vesicular aboral

extremity or ^/t?/srt. In Phellia this distinction into three

regions is also well marked. The scapus is corrugated and

covered by a definite cuticle, and the moi*e delicate

capitulum is free from cuticle. Here the aboral end is really

more a physa than anything else. Although it may be
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adherent it is more or less inflatable and is hardly as

developed a pedal disc as is possessed b}- higher forms. In
some other forms where a more definite pedal disc is present,

the column may still be divided into a lower scapus provided
Avith a cuticle as a rule,

and an upper portion Text-figs. 20 and 21.

devoid of it. Although

this upper portion does

not exactly correspond

with Gosse's meaning of

the term " capitulum,"

sinceit isnotparticularly

delicate in many cases,

it would be rather con-

fusing to give it another

name, especially as the

word " capitnlum " has

often been applied to it

already. When a capit-

ulum is present it can

generally be introverted

more or less into the

scapus, and in such forms

as The Hi a and Ed-

wardsia part of the

scapus can be introverted

also. I am using this

series of characters as Text-fig.

one among others in

defining those families

all the members of which

conform to one type or

the other. The basal

extremity of the anemone may vary a good deal. Either it

may be rounded and vesicular, as in Edwardsia and

Halcampa—and then it constitutes a true physa—or it may
form a definite and permanent pedal disc for adhesion, the

20 (Above).—Mesentery of
Aiptasia couchi. Text-fig. 21
(Below).—Mesentery of Sagartia
miniata. B. Body- wall. E. Endo-
denn. F'. Short mesoglceal processes
for muscle. 31. Mesoglcea. i?. Re-
tractor.
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Text-fig. 22.

Sphincter of Bolocera longicornis.
bic. Body-wall. ec. Ectoderm, en.

Endoderm. //;. Mesoglcea. sph.

Sphincter.

Text-fig. 23.

pedal disc in some cases

becoming concave and

enclosing mud instead of

adhering. There are,

however, intermediates

between true physa and

true pedal disc. Some
Ph el lias possess what

is practically a physa,

but may adhere. Further

reference to this will be

found at various points.

The Actiniina (i.e. those anemones which are out-

side the Stichodactylina, Edwardsiaria, Ceriantharia, and

Zoanthinaria) seem to fall into

two fairly well-marked groups

according to the character of

the marginal sphincter of the

body-wall. The first group has

this sphincter, if present, endo-

dermal—that is to say, its fibres

are supported on processes of

the mesoglcea which project into

the endoderm. The endodermal

sphincter ma}' be diffuse (Text-

fig. 22) or very much aggregated

and circumscribed (Text-fig. 23).

In the second group, which is the

one directly dealt with in this

paper, the sphincter has sunk en-

tirely into the mesoglcea, and the

fibi'es become supported by the

„ , . , <. nr, • . • walls of cavities or lie in bundles
Sphincterof Epiactis novo- .

zealaudica. /. indicates ni the mesogloea (Fl. 22, fig. o).

the fosse. Remainder as in
jj^ ^\^q group where the meso-

Text-fig. 22. °.
. , .

glocal sphincter is the rule, it

is interesting to note that when special stinging organs are
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developed they are acontia, and not acrorhagi, etc. ; nor are

vesicles or pseudo-teutacles fouud within the group. Such
structures as acrorhagi, vesicles and pseudo- tentacles occur

freely among the forms with an endodermal sphincter (though

of course by no means universally), and acontia do not occur

in these forms.^ These are of course more differences of

tendency than anything else, but they are interesting.

There are a few genera which possess acontia but have no
sphincter at all. These I am including in the following

discussions, with the forms which have the mesogloeal

sphincter, because they agree with them in all other ways,

' With regard to the above paragraph, I would point out that

although certain species have been recorded which do not agree with

the statements I have made, the records are not in any case suflBciently

certain, and need confirmation. If it shoiTld be found in the end that

these records are accurate, it will involve certain modifications of my
views, though not very fundamental ones. But for the present I prefer

to leave doubtful genera out of account. The cases I refer to are

those of Nemactis (a form said to have both acontia and acrorhagi),

Ophiodisciis (please see note on this genus on p. .560) and certain

genera described by Danielsseu as possessing acontia and endodermal

sphincters. Doubt has been thrown upon the anatomical work of the

latter author, in some cases at all events, and it needs confirmation.

One of the forms he describes as possessing acontia, and an

endodermal sphincter is considered by Carlgren as a synonym of

Stomj)hia churchise, in which case it has neither. If Aiptasia
mxitabilis has really an endodermal sphincter it is possible that there

is a special explanation of the endodermal sphincter in that particular

case, as I shall show later on (p. .510). But as far as I can make out

from Simon's description, it seems to me that what he is describing

is not the true sphincter, but a secondary concentration of the

endodermal circular muscle such as McMurrich and Hertwig have

described in Aiptasia sj). ('Proc. Acad. Nat. Sci.. Philad.,' 1889) and

Leiotealia nymphaea. In both these species there is a true

sphincter as well as and apart from the concentratiou of endodermal

circular muscle in question, and the latter seems to be constricting

the column to some extent, and is perhaps only tempoi-aiy. It is not

improbable that when living anemones constrict their bodies the

endodermal circular muscle may form a temporary concentratiou. If

this is the case in A. mutabilis it means that there is no true

sphincter, which brings it into line with other Aiptasia -like forms.

VOL. 64, PART 4. NEW SERIES. 31
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and a study of them individually (carried out on p. 508) sliows

tliat tliey are clearly related to mesoglceal .sphinctered forms.

Presence or absence of acontia and presence or absence of

cinclides are cliaract^rs which will be used^ but I need not

say more about them here as they have been fully discussed

above. Generally speaking, we find a correlation between

cinclides and a delicate body-wall always free from cuticle.

Tl. A New Method of Grouping those Forms which

Possess either Acontia or a Mesoglceal Sphincter or

Born these Characters.

In studying various groups of the animal kingdom one is

struck with the fact that it is possible to follow up, in some

given group, a certain number of lines of evolution affecting

certain organs or aspects of the animals in the group. It

may happen that there are two or more alternative classifica-

cations of the group, Avhich may express different lines of

evolution, but which overlap and are not much correlated.

The Lamellibranchs are a case in point. Attempts have been

made to classify them on the basis of

—

(1) Gill structure.

(2) Adductor muscles.

(3) Hinge-lines and teeth.

(4) Pallial lines and siphons.

It is possible to trace out what seem to be lines of evolution

affecting each one of these aspects of the group, but when

€ach of them is embodied in a separate classification there is

overlapping and a certain lack of coherence. Each classifica-

tion expresses the history of one organ or set of organs, but

gives little clue to the probable history of the group as a

whole.

It is a case which shows clearly that an ideal classifica-

tion—that is, a classification expressing the history of the

organisms of a group considered as wholes, cannot be built

up around single characters, but must start upon the basis of

the aggregate of the most important features of the animals
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to bjB classified—that is to say, the sura of the more important

characters should be used. Such a classification might hope
to express the natural relationships of the whole animals as

well as expressing the group-history as far as known, rather

than the relationships and history of one isolated part of the

structure.

This point of view is not only borne out but necessitated

by the Mendelian discoveries, which show that any character

or set of characters may have an independent hereditary

history in the same series of organisms.

In the case of the Actiniina the application of this principle

is badly needed. By a detailed study of the occurrence of

acontia and of the mesoglceal sphincter in this group, Bourne
has already shown that both these characters are too widely

<listributed through the group to imply any very close genetic

relationship between the various forms possessing them,

although, as I hope to show, in these particular cases there

seems to have been a common ancestor. He has shown that we
must dispose, once for all, of the idea that because two given

:forms possess acontia the}'- must therefore be united in a

single family. I have indicated this from my own point of

view in my discussion of acontia and cinclides, and have

endeavoured furthermore to show that the cinciis-character

is not bound up with the acontium-character, and may be used

independently. Whatever character be taken, it will be

found that if it is attempted to build up families upon one or

two characters only, the result is to bring together unrelated

forms. Xo one would dream of uniting Ophiodiscus and

Hale am pa on the strength of the mesoglceal sphincter, or

Actinauge and Alicia because both possess only six pairs

of perfect mesenteries.

I hope to show that the families " Sagartiidae" and " Parac-

tidae," as at present understood, are in reality assemblages of

more or less unrelated forms ; that some genera belonging to

one family are nearer certain genera of the otlier family than

to those genera now classed with them ; and that if we treat

the Sagartid and Paractid genera as an unclassified series we
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can build up from among them, on the basis of the sum of the

more important characters, a number of very natural groups.

At this point, however, it is necessary to add a caution

about the application of the sum-of-the-character principle.

A certain amount of discrimination must be used in apply-

ing it. It may not be universally- applicable, and it cannot

in any case be used in a mechanical way like an arith-

metical measure. The scheme will only give profitable

results if a discrimination is made between those characters

which are of priinary importance and those which are of

lesser value.

Characters of the latter class are those which are of value

in distinguishing genera from each othei*, but cannot be intro-

duced in considering families. Some of them are features

which may have been independently acquired by two or more

forms which are shown on the sum of more fundamental

characters to be unrelated, in correlation with some similar

but special mode of life (such as retirement to deep Avater) in

the two cases. Opinions will naturally differ as to Avhich are

the most important characters, but in dealing with these

anemones I have selected those which seem the most funda-

mental and least open to objection.

First of all let us consider the relationships of certain groups

of genera.

1 . M a r s u p i f e r ^ and P h e 1 1 i om o r p h a share the following

nine chief characteristics:

(1) Column divided into scapus and capitulum.

(2) Scapus provided with cuticle.

(3) Mesenteries divided into macro- and microcnemes.

(4) Number of macrocnemes limited to six pairs.

(5) Pedal disc present.

(6) Sphincter raesogloeal.

' With reference to Marsupifer I propose to leave out of account

the possession of brood-poucbes by the female, as a special development,

not of more than generic value at most for classificatory purposes.

This character is one liable to occur anywhere in any family—cf.

Epiactis. The double sphincter of Marsupifer, again, is a character

peculiar to it as a genus only.
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(7) Longitudinal musculature of tentacles ectodermal.

^

(8) Acoutia absent.

(9) Cinclides absent.

If we compare these genera with Phellia and Deca-
p belli a, Ave find that the two latter genera have seven points

{Xos. 1, 2, 3, 4, 6, 1, 9) in common with Marsupifer and
Pheliiomorpha, whereas the points in which the two pairs

of genera differ from one another are only two in number, vi z .

—

(1) Phellia and Decaphellia have acontia, Marsu-
pifer and Pheliiomorpha have not.

(2) In Phellia and Decaphellia the base may be more

or less a ph^^sa ; in M a r s u p i f e r and P h e 1 1 i om o r p h a

a more definite pedal disc is present.

So far it is clear that Phellia and Decaphellia have so

much in common with the other two genera that they must

be considered as more or less related to them, though certainl}'

not closely enough to be placed in one and the same family.

Hitherto Phellia^ etc., have been included in the Sagar-

tiidas and Marsupifer in the ParactidfB. It will there-

fore be advisable to examine their relationship to the typical

forms of those families, i.e. Sagartia and its nearest

relatives and Paractis and its nearest relatives.

The genera Sagartia, Cereus and Artemidactis have

in common the following nine main features :

(1) No division of the mesenteries into macrocnemes

and microcnemes—the cycles are graded.

(2) Number of perfect mesenteries exceeding six pairs

usually exceeding twelve pairs.

(3) Adherent base present.

(4) Sphincter mesogloeal.

(5) Acontia present.

(6) Cinclides present.

(7) Cuticle absent, body-wall fairly delicate.

(8) Longitudinal muscles of tentacles ectodermal.

(9) Primary mesenteries fertile as well as others.

' Hhxs is the rule. Rarely a part of the musculature is enclosed bj

anastomosis of the mesoglceal processes which project into the ectoderm.
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Of these nine characters, Nos. 3 (more or less), 4, 5, 8 recur

in Phellia and Decaphellia. Character 9 is not applicable

to them, because although their primai-y mesenteries are fertile

no others are, all the others being microcnemes. The Phellia

group, then, has four characters in common with the Sagartia
group, and five points of diiference. But we have already

seen that the Phellia group has seven features in common
with Mar supifer, etc., so it is evident, not only on this

account but also because of the large number of differences

between the Phellia and Sagartia groups, that Phellia,

etc., are more closely related to Marsupifer, etc. (hitherto

classed as " Paractid" ), than to Sagartia, etc. But since

Phellia and Marsupifer, although fairly nearly related,,

are not near enough to each other (for the differences see

above) to be classed in the same family, it is clear that

Phellia and Decaphellia must be separated from the

Sagartia group and classed as a separate family. Bourne

has listed the characters of the Phelliidas (10, p. 78) in a

slightly different way, and has shown clearly that of thirteen

characters especially distinguishing them, no less than ten are

found also in Halcampa (which differs from Phellia in so

far as it lacks acontia and cuticle and possesses cinclides).

Of Bourne's thirteen characters only two (presence of acontia

and amesogloeal sphincter) are present in Sagartia, whereas

Phellia and Sagartia show eleven points of diffei-ence.

From this it is seen that Phellia has so much more in common
with Halcampa than with Sagartia that it must be placed

in a separate family from the latter, near the Halcampidfe.

Bourne therefore claims family rank for the group containing

Phellia and Decaphellia, and I have given additional

evidence for the necessity of this by comparing them with

Marsupifer and Phelliomorpha, which are their near

relations on a different side from Halcampa. It now remains

to compare Marsupifer, etc., with those forms most typical

of the Paractidie.

The genera Paractis, Cymbactis, Hormosoma, Ac-
tinostola, Catadiomene and Stomphia, the forms in
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question, share four of the characters listed on p. 470 for

Marsupifer, etc. (Nos. 5, 6, 8, 9), but differ from the

Marsupifer group as regards characters 1, 2, 3, 4 and 7,

some of which are most fundamental characters affecting the

mesenteries.

If, therefore, Marsupifer, etc., agree with Phellia, etc.,

as regards seven characters (and disagree in two), whereas

they only agree with the typical Paractids in four and disagree

in five respects, they have clearly more in common with

Phellia than with Paractis, and cannot therefore be
included in one family with Paractis. But since they are

at the same time sufficiently different from Phellia to claim

family distinction, they must be placed in a group of their own.

Another group of forms which will afford us a good example

is that which contains the genera Diadumene, Pelocoetes.

Phytocoetes, and Mena (PI. 22, figs. 12, 13, Text-fig. 28).

These four genera have seven important common characters

:

(1) Mesenteries divided into macrocnemes and micro-

cnemes.^

(2) Number of macrocnemes limited to six pairs.

(3) Acontia present.

(4) Ciuclides present.

(5) A definite base present which may be reduced and

physa-like.

(6) Body-wall delicate and devoid of cuticle.

(7) Longitudinal musculature of tentacles ectodermal.

Sphincter usually absent, but may be mesogloeal.

These forms (the Diadumene group) share characters 1,

2, 4, 6, 7 with Hale amp a, from which they chiefly differ by

the possession of acontia and a definite base ; but even the

latter may be reduced in connection with a burrowing life.

Secondly, the Diadumene group shares characters 1, 2,

3, 5 and 7 with the Phelliidae (Phellia and Decaphellia),

from Avhich it differs in that its members possess cinclides but

no cuticle and no division of the body into scapus and

capitulum.

' This character being somewhat violated l)y Diadauiene.
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Thirdly, the Diadumenids share characters 3, 4, 5, 6, 7

with the Sagartia-Cereus- Artemidactis group, but

differ from the latter fundamentally as regards the

mesenteries.

From this it is evident that

—

(1) These forms are as closely related to Hal camp a

and Phellia as to Sagartia, and cannot therefore be

classed with the latter. (If they are carefully studied

they really seem nearest of all to Hal camp a.)

(2) Since they are equally related to three other different

sets of genera, but not quite closely enough to any one

of the latter to be included in the same family (see

differences noted above) with them, they must

obviously be established apart as a family distinct

from either of the other three sets.

A last example may be taken by comparing the genera

Actinoscyphia,Isoparactis and Par anthus with certain

other groups of genera.

The three genera mentioned have the following seven im-

portant common characters

:

(1) Primary mesenteries grade into secondaries, secon-

daries into tertiaries, etc., so that there is no division

into macrocnemes and microcnemes.

(2) Number of perfect mesenteries limited to six pairs.

(3) Pedal disc present.

(4) Sphincter mesogloeal.

(5) Acontia absent.

(6) Cinclides absent.

(7) Longitudinal musculature of the tentacles ecto-

dermal.

The Par act is group possess characters 1, 3, 4, 5, 6 of the

above list, and a few of them also Xo. 7. The chief diffei'ence

is that the Paractids have numerous perfect mesenteries, the

Actinoscyphids only six pairs, added to which the majority of

forms related to Par act is, including all those referred to

above as its most typical relatives, have the longitudinal

musculature of the tentacles embedded in the mesogloea.
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The large group of genera containing Actinauge,
Chondrodactis, Hormathia, Paraphellia,etc.—i.e. the

Chondractiniinas of Haddon—possess all the characters above

mentioned for Actinoscyphia, etc., except that they have

acontia (which may be rudimentary).

Consequently Actinoscyphia and its relations have more

in common (six features) with, and less to separate them from

(one feature), the Chondractiniinje than they have with the

Paractids with which they have so far been classed. But

the absence of acontia is enough to separate them from the

Chondractiniinte, and I have simply introduced the com-

parison to show that they cannot be included with Paractis,

etc., when they are even more related to another set of forms

than they are to that. So Actinoscyphia, etc., must also

constitute a distinct family.

The above analysis brings out several facts. It shows that

" Sagartiidse '\ and " Paractids " as they stand are both

families containing a wide series of forms, the extremes of

which are so much separated that it is impossible to place

them in one and the same family on the strength of one or

two resemblances onlj'. It is quite imperative, for instance,

to separate the Phellia group and the Diadumene group

from Sagartia and its nearest relatives, and the Marsu-
pifer group and the Actinoscyphia group from Paractis

and its allies. It is also seen that some " Sagartids " (e.g.

Phellia) are more closely related, considered on the sum of

the principal features, to certain ''Paractids" (e.g. Marsu-
pifer) on the one hand, and to Halcampa on the other,

than they are to other " Sagartids." Clearly the families

'' Sagartiidae," " Paractidfe " and " Halcampida? " are so much

inter-related "that they no longer represent an adequate

classification, and must be broken up. We can no longer

define two groups as " Actiniina possessing acontia "

(" Sagartiidae '') and "Actiniina possessing a mesogloeal

sphincter and a pedal disc but no acontia " (" Paractida? "),

because that arrangement is now seen to be unnatural and

insufficient.
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If, therefore, we treat all the Paractid and Sagartid genera

as a completely unclassified series for the moment^ and apply

to them the principle of the sum of the most important

characters, we shall find that we can build them up into a

number of eminently natural groups. Each of these groups

will represent a collection of genera clearly defined on the

basis of the possession of a sufficient number of the most

important common characteristics, and as such will rank as a

family. Each family will present at least six, generally seven

or eight or nine, features of importance common to all its

members. I will enumerate these families Avithout further

discussion, and comment upon them afterwards. In splitting

up the " Sagartiidfe " and " Paractidte,'' I have, of course,

retained those two names for that group of genera which may
be considered most typical in each case, i.e. Sagartia and

its nearest relations in the first case, aud Paractis and its

closest relatives in the second.

1. DIADUMEXID^.
The genera Diadumene, Men a, Pelocoetes and

Phytocoetes form this family, and have in common the

following seven characters

:

(1) Mesenteries divided into macrocnemes and micro-

cnemes, the division not fully expressed in Dia-

d um e n e

.

(2) Number of macrocnemes limited to six pairs.

(3) Acontia present.

(4) Cinclides present.

(5) A definite base present which may be reduced and

physa-like.

(6) Bod^'-wall delicate and devoid of cuticle.

(7) Longitudinal musculature of tentacles ectodermal.

Sphincter usually absent, but may be very weak mesoglceal.

2. PHELLIIDJE.

Genera : Phellia,Decaphellia, Halcampactis. Num-
ber of common characters, 8.



ox THE CLA.SSIFI€ATION OF ACTINIARIA. 477

(1) Body divided into scapus, capitulum, and base or

physa, which may adhere.

(2) Scapus provided with a cuticle.

(3) Mesenteries divided into macro- and microcnemes.

(4) Maximum number of macrocnemes six pairs.

^

(5) Capitulum and upper third of scapus can be

introverted.

(6) Acontia present.

(7) Cinclides absent.

(8) Longitudinal musculature of tentacles ectodermal or

rarely partly enclosed by anastomosis of ectodermal

processes of mesogloea.

Sphincter mesoglceal in Phellia and Decaphellia,

possibly also in Halcampactis ; or if not, absent.

3. MARSUPIFERID^.
Genera : M a r s u p i f e r and P h e 1 1 i om o r p h a . Xumber of

common characters, 9.

(1) Body divided into scapus and capitulum.

(2) Scapus provided with a cuticle.

(3) Mesenteries divided into macrocnemes and micro-

cnemes.

(4) Xumber of macrocnemes limited to six pairs.

(5) Pedal disc present.

(6) Sphincter mesoglceal.

(7) Acontia absent.

(8) Cinclides absent.

(9) Longitudinal musculature of tentacles ectodermal.

4. METRIDIID^.
Genera: Metrildium, Calliactis, Adamsia, Aiptasia,

Aiptasiomorpha, Heteractis, Bartholomea. Xumber

of common characters, 7.

(1) Cycles of mesenteries grading into each other, so no

division into macrocnemes and microcnemes is present.

(2) Xumber of perfect mesenteries limited to six pairs

or a very few more.

' Or in exceptional instances a veiy few more.
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(3) Pedal disc present.

(4) Acontia present.

(5) Cinclides present.

(6) Cuticle absent; body-wall usually more or less

delicate.

(7) Longitudinal musculature of tentacles wholly or

partly ectodermal.

Sphincter mesogloeal except in Aiptasiomorpha and

Bartholomea, where it is absent.

5. CHONDRACTINIID^.
Genera: Hormathiaj Actinauge, Chondrodactis,

P a r a p h e 1 1 i a, S a g a r t i o ni o r p li e, L e p t o t e i c h u s. Number
of common characters, 8.

(1) Cycles of mesenteries grading into each other, so

no division into macrocnemes and microcnemes is

present.

(2) Number of perfect mesenteries limited to six pairs or

a very few more.

(3) Pedal disc present.

(4) Acontia present.

(5) Cinclides absent.

(6) Longitudinal muscles of tentacles partly or wholly

ectodermal.

(7) Primary mesenteries always sterile.

(8) Sphincter mesogloeal.

6. ACTIXOSCYPHIID^.
Genera: A ctinoscyphia, Paranthus, Isoparactis.

Number of common features, 7.

(1) Cycles of mesenteries grade into one another, so

there is no division into macrocnemes and microcnemes.

(2) Number of perfect mesenteries limited to six pairs.

(3) Pedal disc present.

(4) Sphincter mesogloeal.

(5) Acontia absent.

(6) Cinclides absent.

(7) Longitudinal musculature of tentacles ectodermal.
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7. SAGARTIID^ (in a much more restricted sense than hithei-to).

Genera: Sagartia, Cereus, Artemidactis. Number of

common chai'acters, 9.

(1) Cycles of mesenteries grading into one another, so

that no division into macrocnemes and niicronemes is

present.

(2) Number of perfect mesenteries exceeding six pairs,

usually exceeding twelve pairs.

(3) Primary mesenteries fertile as well as others.

(4) Cuticle absent ; body-wall fairly delicate.

(5) CincHdes present.

(6) Acontia present.

(7) Sphincter mesogloeal.

(8) Longitudinal musculature of tentacles ectodermal.

(9) Pedal disc present.

8. CHORIACTID^.

The genus Choriactis stands alone. Perhaps Mitactis

and some other forms will go with it when better known.

Its chief characteristics are :

(1) Cycles of mesenteries grading into one another so

that no division into macrocnemes and microcnemes is

present.

(2) Number of perfect mesenteries considerable.

(3) Pedal disc present.

(4) Sphincter mesogloeal.

(5) Acontia present.

(6) Cinclides absent.

(7) Wall may be thick ; no cuticle.

(8) Longitudinal musculature of tentacles ectodermal.

9. PARACTID^ (in a much more restricted sense than hitliei-to>.

Genera : Paractis, Cymbactis, Storaphia, Hormo-
soma, Alloactis, Actinostola, Catadiomene, Poly-

siphonia, Ophiodiscus, Sicyonis, Antholoba, Paran-

theoides, Tealidium. Number of common features, 6

and a seventh not quite universal tendency.
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(1) Cj^cles of mesenteries grading into each other^ so no

division into macrocnenies and microcnemes is present.

(2) Numerous mesenteries perfect.

(3) Sphincter mesogloeal.

(4) Acontia absent.

(5) Cinclides absent.

(6) Pedal disc present.

In Par act is, Cymbactis, Stomp hi a, Hormosoma,
Actinostola, Catadiomene, Polysiphonia, Ophio-
discus, Sicyonis, the longitudinal musculature of the

tentacles and radial musculature of the oral disc is entirely

embedded in the mesogloea. In Antholoba andAlloactis

it is partially so.

It will be observed that in all the families enumerated

above there are forms possessing a mesogloeal sphincter and

that in sis of the nine all forms have it. In the three

families where there are exceptions these exceptional genera

agree in all other respects with the other members of their

families which do possess the sphincter and are bound to be

classed Avith them on the sum of the characters. We may,

therefore, fairly consider the mesogloeal sphincter as a

character common to all nine families which has been lost

in a few special cases, probably in correlation with some

special form of life. This probability is more fully discussed

in connection with the individual sphincterless genera on

p. 508. The presence of the mesogheal sphincter is the only

character common to all families, apart from the fact that

some sort of definite base is usually developed, and even this

may be physa-like.

The sphincter apart, it will be noted that there are a

number of other characters, presence or absence of which

determine the limits of the groups. Some of these occur in

such a regular manner that it will be worth while to consider

them in tabular form. The characters to which I refer

are :

(1) Presence or absence of acontia.

(2) Presence or absence of cinclides.
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(3) Presence or absence of a sharp division of the mesen-

teries into macrocnemes and microcnemes.

(4) Limitation of number of macrocnemes, when macro-

cnemes are present, to six pairs, or absence of this limitation.

(5) Presence or absence of any considerable number of

perfect mesenteries over and above the six primary pairs

in forms where the distinction between macrocnemes and

microcnemes has been lost.

In the above table one square is given up to each family

;

the characters printed at the head of each of the three

vertical columns apply to all three of the squares in that

column. The characters printed at the side of the table

apply to the three families on a horizontal level with them.

So one can arrive at the four main points about any one

family by combining the two points at the head of the

vertical column containing that family with the two points

on a level with the square occupied by it.

Froni this it Avill be seen that

—

(1) Among those three families in which acontia and

cinclides occur all three kinds of mesenterial development

are found : the firet, where there are six pairs of macro-

cnemes and all other mesenteries are microcnemes ; in the

second, where there is no distinction into macro- and micro-

nemes, but where only six pairs are perfect, in the Metridiida3

;

and the third, similar to the second but with numerous perfect

mesenteries, in the Sagartiidte.

(2) Among the three families in which there are acontia

but no cinclides, the same three types of mesentenal arrange-

ment occur—the first in the Phelliidaa, the second in the

Chondractiniidse, and the third in the Choriactid^e.

(3) The same remarks apply to the three families in which

acontia and cinclides are both absent. Here the first type

of mesenterial arrangement is found in the Marsupiferid^e,

the second in the Actinoscyphiida?, and the third in the

Paractidae.

4) If we were to start from another point of view we

should find among those forms which possess the division of
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mesenteries into macro- and microcnemes some forms with

acontia and cinclides (Diadumenidae), some with acontia and
no cinclides (Phelliidaj), and some with neither the one nor

the other (Marsupiferidte). If we took, again, either those

forms in which there is no division into macro- and micro-

cnemes, but which have six pairs of mesenteries alone perfect,

or those in which numerous pairs are perfect, we should find

that in each case some of them had acontia + cinclides,

some acontia and no cinclides, and some no acontia and no

cinclides.

This shows that if we begin to build up families founded

on mesentery-characters only, each one will include forms

with acontia and cinclides, forms with acontia only, and
forms with neither one nor the other, which is out of the

question. Again, it is equally out of the question to found

families on acontium- and cinclis-characters onl}', since then

each family would include forms presenting fundamentally

different types of mesenterial arrangement. It is therefore

evident that we must use, not mesentery-chai'acters only nor

acontium-and-cinclis-characters only, but both in combination.

Other characters may be brought in as well.

In this way the conclusion is reached that the nine sets of

forms enumerated above as groups of genera clearly defined

on the basis of the sum of their most important characters,

and not subordinate to other modes of- grouping, rank as

families. The possibility of including all nine groups in one

family, defined by the sole common character of the possession

of a mesogloeal sphincter, thus bringing together a host of

forms with widely separated extremes, is too far from the

mark to need discussion.

The nine families thus established are more fully defined

on pp. 520-564. The discussion of their probable evolutionary

history which follows will, I hope, give the arrangement an

intelligible meaning.

It is, perhaps, worth noting that a number of these nine

families have been in existence already as subfamilies. These

are the Phelliidje, Metridiidie, Chondractiniida3 and Sagar-

VOL. 64, PART 4.—NEW SEKIES. 32
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tiidee in the new sense. These have long been recognised as

natural groups, but apart from them the allocation of forms

has been unsatisfactory.

Before going on to discuss the evolution of the forms

included in these families, it is necessary to speak of a form

which I have not included in any one of them, and which I

only found after most of the work for this paper was done.

This form is one having the general appearance of a large

Phellia, and it is near Carlgren's Isophellia; but till more

is known of both Isophellia and of my form, it is not

possible to assume their identity, and I have given mine the

name Flosmaris. A short description of it will be found

on pp. 441-443, and I give here a generic definition of it so

that there will be a proper basis for discussion.

Flosmaris, n. gen.

Basal disc present. Body divided into a long scapus and a

short eapitulum ; lower part of scapus may be very thin-

walled. Main part of scapus Avith numerous small papillae

which attach sand-grains. Capitulum fairly smooth, devoid

of sand, its margin tentaculate. Tentacles simple, their

longitudinal musculature ectodermal. Sphincter rather

small, confined to upper part of capitulum. Mesenteries

sharply divided into macrocnemes and microcnemes. Twelve

pairs of fully developed macrocnemes bearing gonads, circum-

scribed retractors and filaments, and all perfect. The other

mesenteries are microcnemes and consist chiefly of a parietal

muscle. Acontia present. Cinclides probably absent.

Species : F. phellioides, n. sp.

If reference be now made to the table of squares on p. 481,

it will be seen that the squares actually shown in the table

do not represent every possible combination of the characters

placed at the heads and sides of the columns. They represent,

however, every combination of these characters which is

actually represented by hitherto-described anemones, with

the one exception of Flosmaris.

If one were to construct a table showing every possible
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^ombiuatio-n of the characters used, the number of squares

would be not nine but sixteen. We should have one additional

vertical column for forms with cinclides but no acontia, and
one additional horizontal column for forms with the mesen-
teries divided into macrocnemes and microcnemes, but with
ihe number of macrocnemes twelve or more pairs instead of

six pairs.

I have not actually included the additional squares which
would result from adding these two other possible columns,

•because as yet too little is known of any possible forms which

might fill them to make it safe to do so. But Actiniaria are

unexpected creatures, and one finds that new combinations of

•characters do turn up among them. It is therefore not at all

impossible that some forms may occur and be discovered in

the future which will fill some or all of the squares not covered

by the nine already filled. If this should hai)pen, I claim that

on the same grounds which make each of the nine knownfamilies
valid, it will he necessary to erect further families until the

limit of the possible combinations of the four characters in

question be reached. If forms representing new combinations

should simjDly be allocated to the one of the nine already

known families to which they happen to be nearest, it would

eventually Aviden the limits of those families too much, and

•cause confusion, and each family would cease to represent an

evolutionary stage or a natural group. It may be objected

that a gi-eat multiplication of families is involved if all

combinations are to kave their due; but this is not really a

valid criticism, because the arrangement of having a fairly

large number of comparatively small and exactly-defined

families is actually a very convenient one, and facilitates

identification, quite apart from the fact that it gives more

<;hance of having homogeneous and natural groups and

representing relationships of whole animals and not parts of

animals by them.

To apply all this to Flosmaris. This species does actually

represent one of the hitherto unrecorded combinations not

included in the table. It represents the combination of
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acontia and (probably) no cinclides Avith the division of the

mesenteries into macrocnemes and microcnemes, but with

twelve pairs of macrocnemes and not six pairs as in the

Phelliidae. It comes fairly close to Phellia of course, but

one may claim separation for it on the same grounds as those

on which the Sagartiidaj, Choriactidte and Paractidte are

separated from the Metridiid^e, Chondractiniidas and Actino-

scyphiidfB.

Flosmaris, therefore, is the type-genus of another new

family, the Flosmarinidas, which will be chai-acterised by the

main features of its type-genus.

For the present, however, I do not wish to insist too much

on this family Flosmarinidfe, but I simply establish it tenta-

tively pending further knowledge. I do this because the

type-genus is as yet known only from one single specimen,

and until more come to hand one can never be sure that there

is not something abnormal about a solitary individual. How-

ever, I am inclined to think it is really genuine and not

abnormal ; it is a beautifully regular and Avell-developed

specimen, and well preserved. It might be suggested that it

is an overgrown Phellia which has doubled its organs. This

is possible of course, but nevertheless it would be curious,

because some genuine Phellia s as large as Flosmaris still

retain only six pairs of macrocnemes, the other mesenteries

remaining small. The point cannot be finally settled as yet.

The remaining question is, whether any other combinations

hitherto unrecorded are likely to come to hand beside the

Flosmarinida3 combination. Of coui'se no one knows, but it

does not seem at all unlikely that some of them at any rate

will do so. It would not be surprising, for instance, if forms

bearing the same relation to the Diadumenid^e and Marsupi-

feridge as Flosmaris does to the Phelliidse (i.e. with the

same combination of acontia and cinclides as those families,

but with twelve or more instead of only six pairs of macro-

cnemes) should be recorded sooner or later. With regard to

the other possible combinations—all three involving forms

with a mesogloeal sphincter and probably a pedal disc but
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with cinclides and no acoutia—it seems much less likely,

from one's general ideas about the group, that these exist,

but of course they may do so.^ Some forms about which
little is known, and which I have not assigned to a definite

position in this paper, are Stephanactis and Amphian-
thus. The former as described by Hertwig has cinclides

but no acontia, and may possibly represent one of the other

combinations. I have some specimens of Stephanactis
which I may be able to describe sooner or later in connection

with this.

With regard to Isophellia, it is hardly yet possible to

form a final opinion. I. sabulosa is described by Carlgren

{1900, p. 72) from a single specimen, and this specimen seems

intermediate between Phellia and Flosmaris in that it has

three extra couples of macrocnemes in addition to the six

primary pairs. And even some at least of the remaining

weaker mesenteries of the second cycle seem to have some of

the characters of macrocnemes. Only further material will

make us certain whether it is an unusual and exceptional

member of the Phelliida) or a not quite fully developed

example of the Flosmarinidte. I think the latter is quite

possible. For the present, therefore, I have placed it with a

query in the Phelliidte, and it can easily be removed if the

family Flosmarinid^ makes good, and if it really belongs

there.

A further note with regard to the position of Flosmaris

and of any further possible combinations in my evolutionary

scheme will be found on p. .507.

yil. Suggestions cokcerning the Evolutionary History of

THE Forms with Acontia or a Mesoglo-;al Sphincter or

Both.

I should like to make it clear that the nine families outlined

above (and defined later) are not dependent for their validity

' Hal camp a, of course, has a mesoglwal sphincter and cinclides but

no acontia, but this comes rather outside the scope of the present

paper, and is probal>ly fairly near the ancestor of all the forms liere

discussed. See evolutionary arguments.
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upon the acceptance or otherwise of the following suggestions.

They seem to represent the only natural grouping in any case^

but the evolutionary scheme which will be developed below

renders the arrangement more intelligible, and appears to fit

the facts of the case.

In endeavouring to work out some idea of the way in which

these forms evolved from a common ancestor, the first step is

no doubt to try to decide fairly which of the nine families

contains the most primitive forms. In order to do this it is

necessary to find out what characters are primitive, and

perhaps the best way to do this would be to compare some

fairly primitive form with an advanced one. Two convenient

ones would be Halcampa chrysanthellum and Catadio-
mene atrostoma. I select these two simply because they

illustrate my meaning well, but others might be substituted

for them with slight alterations. I imagine it will be generally

admitted that Halcampa is a fairly primitive form. It is

more advanced, of course, than Protanthea, Edwardsia,
etc., but still is near enough to the ancestral form of the

majority of the Actiniinato serve our purpose. I do not wish

to go too far back, since I am discussing the evolution of one

portion of the Actiniina, not of the whole of the Actiniaria.

What claim has H. chrj'santhellum to primitiveness ? It

is small, and its body-wall is delicate and perforated by pores.

It is not very different from a certain stage of larval develop-

ment through which most Actiniina pass, and which may be
called the Halcampa stage. Its mesenteries are few in

number and its sphincter is weak. The longitudinal muscu-

lature of the tentacles has not sunk into the mesogloca. Its

base is a physa, and it has developed no pedal disc or

differentiated basilar and parieto-basilar muscles. On the

other hand, what claims has C. atrostoma as an advanced

form ? It is a large animal with a well-defined pedal disc,

and in correlation with this a sharp differentiation of basilar

and parieto-basilar muscles. It seems to have taken to deep-

water life, and, as in many other deep-water animals, it has

developed a thick body-wall devoid of pores, and has lost
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mobility. The body-wall has also a certain development of

knobs and crests (not as conspicuous here as in some other

cases, cf. Text-fig. 24, which shows knobs and crests in

Actinauge, and Text-fig. 25, which shows knobs in Chon-
drodactis), and at the base of every tentacle, on the outer

side, is a solid mesogloeal swelling. These are all points which

seem to me to indicate an advanced stage of evolution. What
is the reason for them ? The thick body-wall, the knobs and

Text-fig. 24.

Actinauge richardi. c. Capitulum.

crests and tentacular swellings are found in a number of

anemones which appear to be advanced forms. They may be

partly protective, but we need not lay too much stress on

that aspect of them, because they do not seem efficient

enough to act as any great deterrent to such an enemy as a

detennined fish, for instance. There are other deep-water

anemones, and successful ones to all seeming, which have

surprisingly delicate body- w:i lis (e. g. Bolocera longi-

cornis). On the other hand, the spreading of an anemone

to a deep-water habitat is probably a change towards a slower
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metabolism. We know that there are curiosities of respira-

tion, for instance, in the molhiscs Pleurotomaria and

Lepeta, which apparently have slow metabolism. The

marked uniformity of low temperature in deep water may be

connected with low metabolism and respiratory difficulties.

If the ratio of anabolism to katabolism changes value, there

is energy to spare which may be used up in decoration, and I

am inclined to regard the knobs, etc., of deep-water anemones

in this light. They do not seem to be features which can

have any great importance to the animal in its life, save that

increased thickness of body-wall means a certain loss of

mobility, and is therefore detrimental rather than otherwise.

It would not be altogether out of place to compare the basal

swellings, crests, etc., of these anemones (especially of Acti-

nauge) with the knobs and spines developed by such groups

as Dinosaurs and Ammonites in the late phases of their evolu-

tion. It is not impossible that they indicate a last phase in

the evolution of these anemones, especially if we consider

that the deep sea is a refuge and that the forms possessing

them are becoming somewhat less active and are advanced in

other ways. Nevertheless, I suggest it with reserve as a mere

possibility.

To get back to C. atrostoma, it has other characters

giving it claim to an advanced condition. The longitudinal

musculature of the tentacles and radial musculature of the oral

disc are entirely embedded in the mesogloea, and this is

obviously an advance on the condition in which that muscula-

ture is ectodermal. If we take all the cases of Actiniine

anemones in which this embedded musculature occurs, whether

they have mesogloeal sphincters or not, we find that they are

all forms with numerous perfect mesenteries,^ i. e. it never occurs

in forms in which the number of mesenteries perfect is limited

' I am not aware of any exception to this among the forms where

the musculature is truly and entirely embedded. There are cases in

which the ectodermal musculature tends to l>e partly embedded at its

base (meso-ectodennal) in which the rule does not apply, but these are

rather different.
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Text-fig. 25.

to six pairs, or in which the divi.sion into raacrocuemes and
microcnemes is found. This seems to suggest 'that, .since

forms with the embedded tentacular musculature must at all

events be moderately advanced, the condition with numerous
perfect mesenteries is also an advance on the state where few
are perfect. C. atrostoma has a very large number of me.sen-

teries, and not only are many of

them perfect, but the primaries

are sterile. Lastly, the sphincter

is well developed. If we assume

for the moment that the charac-

ters I have enumerated for

Halcampa are primitive, and

those for Catadiomene ad-

vanced, I believe there is a

reasonable way in which we can

account for their being so. It

seems to me to be a tendency of

Actiniaria in general, bi'oadly

speaking, to specialise in size of

the individual, and perhaps more

-especially in diameter, Thesmall

size and worm-like form of

Halcampa are not adapted to

the possession of many mesen-

teries. It seems reasonable to

suppose that, starting from small

forms with few mesenteries, if

we get increase iu size (espe-

cially diameter) we may expect a correlated multiplication

•of organs, i.e. increase in the number of mesenteries.

Again, if the mesenteries were at fii'st few in number they

would have to do all the work, and primitively they were

no doubt all alike, division of labour coming later on with

increase in number. This being so we should expect that

each mesentery would bear a strong retractor muscle, a gonad,

-and a filament. This is actually the case in certain fairly

Chondrodacti.s duplicata.
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primitive forms (e. g, some species of Halcampoides).
New mesenteries when they appeared would at first be narrow

and rudimentary (perhaps until there was more room for

them); and we find that our Halcampa represents this stage^

having six paii's of large macrocnemes to do the work and a

few very small microcnemes which take no share. As evolu-

tion progressed the new small mesenteries would tend ta

increase in size and importance, and take over some of the-

work from the primaries. The primaries would need less

powerful musculature, since they would have the aid of the

secondaries in the work of retraction, and their muscles would

tend to become less individually specialised. In Halcampa
we find, therefore, excessively strong muscles on the few

macrocnemes, in Catadiomene less strong diffuse ones on

all the older mesenteries. With the increase in size and

number of the secondary mesenteries, the growth of the

primaries would tend to become fairly complete before the

animal approached the adult condition. The production of

gonads is usually from tissue which has retained a more or

less embryonic condition, and would therefore be more likely

to occur in the newer and still growing mesenteries than in.

the older perfect ones. This should not be taken to imply

any suggestion that no increase in size takes place after the

appearance of gonads, but rather that the appearance of

gonads on younger mesenteries, broadly speaking and with

some exceptions, seems to indicate that the process of

differentiation has passed its climax in the oldest mesenteries.

All this assumption of importance by tlie secondary

mesenteries would mean that the sharp distinction which is

present in forms where they are rudimentaiy into the

original large macrocnemes and a number of small microcnemes

would be giadually lost. There would tlien be several cycles

of well-developed mesenteries grading off into each other, and
all the older ones would bear retractors and filaments. The
tendency would be for the primaries to become sterile. At
first the primary mesenteries, which represent the original

macrocnemes, would still so far predominate over the others
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that they alone would be perfect. But in the end the secondary

and tertiary mesenteries would join the actinophar^-nx also,

and a form with numerous perfect mesenteries would be

attained.

The increase in size of the mesogloeal sphincter is an

obvious advance, in workinof from a small form to a larofer

one. I will refer in more detail to the evolution of a pedal

disc shortly.

Other anemones, generally looked upon as fairly primitive,

present features broadly similar to those of Halcampa.
Opinion will naturally differ as to which are primitive, but it

seems safe to suppose that Gonactinia, Protanthea and

probably Or act is form one primitive group, and the

Edward si as another. Halcampa and Halcampoides
represent a step onwards, and then there are the probably

rather more advanced but still fairly primitive genera

Pentactinia, Peachia, Haloclava andEloactis. There

is also the genus Harenactis—rather an unusual one.^

The G-onactinia-Protanthea group (probably including

Oractis) must be considered apart from the others as

perhaps representing survivals of the earliest anemones of

all, which have developed in some directions and remained

primitive in others Their primitive traits are their small

' While referring to the group of iinemones mentioned here, it would

perhaps be as well to mention that the gi-oup '^ Ilyanthidse " to which

they belong will need splitting up if the principles set foi-th in this

paper be accepted. I am not j^et in a position to suggest any detailed

classification of the Ilyanthid*. but I should like to mention one or

two points about them. In the first place it seems that Halcampa
and Halcampoides, and possibly others with them, will form one

natural group, the Halcampidse. Secondly, Ilyanthus is a genus

containing two forms which are widely different from each other,

and each of which needs separate consideration from the rest of the

" Ilyanthida-." It is not impossible that I. mitchelli and I. par-

thenopeus may even be allocated to different families. With regard

to the rest of the forms under discussion. Peachia and others,

judgment must be reserved at present. The ground for the splitting

will not, however, be solely the character of the sphincter muscle, but

the sum of the main characters.
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size, weak and somewhat generalised musculature (surviving

even in the body-wall ectoderm),, and the presence of only

eight perfect mesenteries corresponding to the macrocnemes of

Edwardsia. They have an attachment disc but no sharply-

marked basilar muscles.

The other genera enumerated really concern us more here,

as they are nearer to the foi'ms whose evolution Ave are trying

to elucidate. They have in common a more or less vermiform

shape ; in the bi'oadest of them leugth predominates over

breadth quite distinctly (even Peachia may be very long and

narrow when alive), and in the narrowest their length is very

many times their diameter. They typically have their base

developed as a physa. The number of mesenteries is com-

paratively small, and most often either all are macrocnemes

or else there is a distinction into macro- and raicrocnemes,

although in some forms one would have to speak of a grading

between larger and smaller mesenteries. The macrocnemes

bear strong retractors which are generally more or less

circumscribed and frequently reniform in outline in

section. Among these forms cinclides occur fairly often.

There is among them a complete absence of those

charactei-istics which I have mentioned as typical of certain

advanced forms—there are no well-marked sphincters,no large

number of mesenteries grading off into each other, no sterility

of the primary mesenteries taken as a whole, no well-marked

foot-discs with basilar muscles, no very thick body-walls with

tubercles and crests and tentacular swellings like those of

Actinauge, etc., and no complete sinking of tentacular mus-

culature into the mesogloea. Instances might be multiplied,

but the general tendencies of evolution which I have

indicated above are quite widely borne out by the generic

series included in the nine families which I have outlined

above. There are, needless to say, a good many exceptions

here as everywhere else in the animal kingdom, but they

hardly invalidate the main scheme. Further notes on these

exceptions will be found on p. 508.

Before leaving this section of the subject, a brief study of
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the evolution of retractor muscles and of definite pedal discs

with basilar muscles, in correlation with one another and with

the life of the animal, offers attractions. I am indebted to

Prof, Gr. C. Bourne for a number of detailed suggestions con-

nected with this problem. I have mentioned above that the

anemones cited as being more or less primitive have all,

except in the Gonactinia-group, strong retractors wliich are

usually more or less circumscribed (see Text-fig. II). Thev
also have typically rounded aboral ends, and their general habit

is to live more or less buried in sand or mud, or in tube-like

holes. The forms among them with which I am personally

acquainted, or of the habits of which I have knowledge from

other sources, have the power of contracting with great

violence and rapidity. An Edwardsia or a Halcampa can

disappear below the sand in the twinkling of an eye. The
powerful retractors come in here as shorteners of the long

body in cases of emergency. Here we have an interesting

case of adaption to a burrowing life or a life in holes. In the

Phellias (which have the strong circumscribed retractors)

described by Bourne and Haddon and others it is possible to

trace a transition from burrowing forms with a real pliysa to

forms with an adherent but physa-like base which anchor on

to pebbles, shingle, etc. In such cases the action of the

powerful retractors cups the physa-like adherent base and

makes a sucker of it. This shows the first step towards the

development of a true adherent base. From this point

onwards there is no difficulty about imagining the evolution

of a more definite and permanent pedal disc, and in correlation

with it a change in the form of the lower ends of the mesenteries

for insertion into it, and a differentiation of definite basilar

and parieto-basilar muscles. But given this broad adherent

base, a stronger body-wall, and a well-developed sphincter,

the animal does not need to contract so violently. Ir has

presumably left its sandy quarters and is attached to a rock

or some other similar substratum, and one might expect

its retractors to degenerate and become diffuse. This is

further borne out if we remember that at the same time as
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this evolution is progressing the mesenteries are increas-

ing in number, and that therefore as soon as more of

them have attained retractors, there will be less need

for specially strong individual muscles on the primaries.

On these grounds I think it is a fair conclusion that the

general tendency is for circumscribed retractors to become

diffused as evolution progresses. There are a few forms

which retain the circumscribed retractor even though they

have largely lost their other primitive characters. In these

cases the life and habitat of the animal may be looked

to for an explanation. A further note about them will be

found on p. 511.

One fact cannot be passed over. It is not invariable for

primitive forms to have powerful or circumscribed retractors;

in Gonactinia and Protanthea the retractors are very

feeble—hardly differentiated. In the first place I think it is

probable that the ancestor of the Actiniaria as a whole would

have weak retractors and a non-concentrated muscular system

generally. It would no doubt possess longitudinal muscula-

ture in the ectoderm of the body-wall, which would obviate

the need for strong retractors. It would probably be a small,

delicate animal whose tissues would not offer much resistance

to the forces of contraction. As far as the ectodermal muscle-

slieet is concerned it might be compared with Cerianthus,
especially as some authors consider a Cerianthus -like form

to be primitive. Cerianthus inhabits sand and mud,

and has practically no mesenterial musculature, but in

substitution a very powerful ectodermal musculature in the

body-wall. As Carlgren holds, this feature may be in part

retained by Protanthea and Gonactinia, but it is lost in

the higher anemones on the whole, with the exception of a

number of unrelated forms which retain traces of it. It is

not impossible that mode of life will help to account for this

retention (or re-development)—in part at any rate. In

Aiptasia couch i, for instance, the weakness of the rest of

the musculature stands in need of a little aid from ectodermal

muscle. The life conditions of Gonactinia and Protanthea
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do not seem to indicate any special need for strong retractors.

Both are small and delicate ; tliey live in fairly shallow water

attached to seaweed and other things. Carlgren records Pro-
tantheaon Chaetoptei'us-tubes and G on actinia on Ascidians

and dead mussel shells. Gonactinia can creep by means of

its tentacles, but can swim mouth foremost and so remove itself

from any small disturbance. Oractis, which is probably

related, is a small deep-water form. It is therefore possible

to regard the Pro tan the a group as representatives of the

most primitire condition retained by any existing forms, and

to suppose that the rather more advanced forms with circum-

scribed retractors have developed these in correlation with

mud-burrowing and life in cavities, and perhaps also in corre-

lation with the loss of the ectodermal musculature of the

body-wall. If this be the case we must look upon the

circumscribed retractors as specialisations in otherwise primi-

tive forms. The further development of lines of evolution

starting from these forms, and involving a change to a fixed

life and including increase in the number of mesenteries,

would mean the loss of these special retractors in most cases

and the differentiation of a larger number of diffuse ones.

With the above preface I will indicate as briefly as I can

the line of evolution which seems most in accordance with the

facts, as regards my nine families. Afterwards possible

alternatives will be mentioned.

Following the lines indicated above, it is natural to choose

as a starting-point that form Avhich most nearly expresses the

characters which have been enumerated as primitive. The

group of the nine that comes nearest to this is the Diadu-

menidee. The only difficulty here—and I do not personally

consider it to be a difficulty— is that acontia are present. But,

as has been noted before, acontia are only a variety of mesen-

terial filament, and if filaments have been acquired by the very

simplest anemones, such as Gon actinia, why should it not

be supposed that the slight differentiation needed to produce

acontia appeared at a fairly early stage in the history of the

group ? If a form has gone far enough to acquire a meso-
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gloeal sphincter, it has surely gone far enough to acquire

acontia, and there is no valid reason why a start should not

be made with a form possessing the latter. Men a chilkaea^

fulfils our i-equireineuts almost exactly. It is rather small

and delicate. The column is capable of considerable elonga-

tion, and has a small unmuscular basal disc never strongly

adhesive, and capable of assuming a physa-like appearance.

The delicate wall is pierced by cinclides. There is a weak

mesogloeal sphincter. There are six pairs of macrocnemes

with circumscribed retractors, and very few (usually 12) micro-

cnemes, which are almost vestigial. Acontia are present. I

think we may assume that this comes very near to the ancestral

form we are looking for. It is a species, certainly, the sim-

plicity of which may be due to retrogression, in correlation

with its life (see p. 509) in brackish water, but that does not

interfere with its giving the necessary clue to the primitive

type. It is probably secondarily primitive.

My hypothetical ancestor may therefore be defined as

follows

:

Body-wall delicate and pierced by cinclides ; form more

or less elongate ; six pairs of fertile macrocnemes with circum-

scribed retractors and with filaments ; microcnemes absent or

ver}" few and quite rudimentary ; acontia present ; sphincter

weak, mesogloeal, onl}' just distinctly developed ; base a pliysa.

It should be understood that this form, which I will call for

convenience Eosagartia, is only suggested as the probable

ancestor of the genera contained in the nine families above

enumerated—the genera with mesogloeal sphincters or acontia,

or both. It is by no means the ancestor of either the whole

of the Actiniina or Actiniaria ; it is about on a level with

Halcampa, and very likely it shares with Halcampa a

rather earlier common ancestor.

In order to make what follows clearer, I propose to give

the hypothetical history of the group in narrative form, but

of course I have no intention of stating that it did happen so,

but am merely using that mode of expression as the clearest.

' Mtna = n. uom. for Fhijtocoefes. pro parte. See p. 52'2.
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Eosagai'tia lived in the sand, into which it could withdraw-

very suddenly when necessary by means of its powerful

retractor muscles. In correlation with this kind of life it had
a long body and a rounded base. The pores in its delicate

body-wall helped to allow Avater to escape from inside it

without bursting the wall, when it had to contract quickly.

Its acontia were sometimes forced out through these pores by

the strong jets of water which spurted out of them.

Some of the descendants of Eosagartia developed certain

features which made them unlike their original parents.

They acquired a basal disc, by which they attached themselves

to solid objects, and the number of their microcnemes increased^

and some of them began to assume in some degree the impor-

tance of macrocnemes. How far this particular branch of

descendants diverged from their ancestral condition we do not

know, but in the end they took to living in brackish water in

India, very often returning to a life buried in mud (PI. 22,

fig. 13,; Text-fig. 28). This kind of life involved loss

of some of their specialisations, and they became somewhat

simplified again, so that in the end some of them almost went

back to the condition of Eosagartia. Most of them even

lost their mesogloeal sphincter. The survivoi's of this branch,

therefore, retain their primitive features in the main to this

day. They are the Diadumenidse.

Another group of those descendants of Eosagartia, in

which the microcnemes had begun to increase in number,

began to develop a protective cuticle on the main part of

their body. This meant that the wall lost delicacy, and was

no longer a suitable place for pores, and these were lost also.

About this time some of them began to attach themselves

temporarily to bits of shingle by making a sucker out of

their base—they pulled it inwards with their strong retractors.

This led in some cases to the development of a more or less

definite pedal disc. Anotlier thing that happened was that in

some of them the acontia began to degenerate, and in the

forms now surviving it is possible to find, in this group, forms

provided with good acontia and forms in which they are
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rudimentary. Then, again, the microcnemes tended to grow

filaments and acontia. But although many forms which

followed this line of evolution still survive, they have never

lost their six pairs of great macrocnemes bearing gonads and

strong retractors as well as filaments, and reaching the actino-

pharynx, and the microcnemes are still more or less insignifi-

cant, and clearly marked off from the others. They have

retained, too, as a rule, rather long bodies, and the power of

introverting the disc and tentacles and the delicate neck or

capitulum which bears them within the tougher cuticled

scapus or middle part of the body. Even part of the scapus

can be pulled in as well. Many of them have developed

a better sphincter than Eosagartia had, and it has often

divided into two parts—one in the scapus and one in the

capitulum. This group of forms constitutes the Phelliidse.

Thirdly, some of the species related to the Phelliidte went a

step further. They had already lost their cinclides. They did

not lose the primitive distinction of the mesenteries into

macrocnemes and microcnemes, but their acontia, from being

rudimentary, disappeared entirely. They developed a rather

more definite kind of adherent base. As regards the body-

Avall, they retained the division into a main scapus with

cuticle, or with some sort of incrustation, and a submarginal

non-cuticled capitulum. They survive in this condition

as the Marsupiferidse. One of them has developed curious

brood-pouches in the female.

It is now necessary to go back to the beginning and follow

the further evolution, in quite another direction, of some others

of those descendants of Eosagartia in which the number of

microcnemes had begun to increase. These, instead of losing

the delicacy of the wall, the pores, and the acontia, developed

more as regards the mesenteries and the base. They adopted

an adherent life, and this w^as followed by the development of

a well-marked base. The microcnemes increased in impor-

tance, and in the end they developed so many structures

that they approached the condition of the macrocnemes, and

finally the distinction between the two kinds was lost. The
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secondary mesenteries mostly acquired filaments and retractors,

and often the Avork of producing gonads fell upon tliem,

because the primaries had passed the climax of their growth
rather eai-ly on. Although these things occurred, the primary
mesenteries, which had originally been the macrocnemes, still

remained predominant in one respect—they alone joined the

actinopharynx, the others remaining imperfect. Here, then,

a stage is reached where the distinction into macrocnemes
and microcnemes is lost, and the mesenteries are arranged in

graded cycles, but still only six pairs of mesenteries—the

primaries—are perfect. As the muscular mesenteries in-

•creased in number and the body-wall often became rather less

flimsy, and as the basal disc became better developed and the

sphincter stronger, there Avas less need for the retractors of

the primary mesenteries (the old macrocnemes) to be excep-

tionally powerful, and they degenerated in most cases, and

became diffuse like those of the secondary or imperfect

mesenteries (the original microcnemes). From this point

onwards some forms began to diverge in one direction, some

in another, but a number of forms got no further, and repre-

sent this stage at the present day as the Metridiidse.

There are one or two of the Metridiidpe which either took to

some kind of life which meant retrogression, or else did not

quite keep up with the others in all respects; and these,

though they have the typical mesentery character, have the

mesogloeal sphincter either very weak and rudimentary or

quite absent. Some of them have even kept or returned to

the flimsy body-wall with a certain amount of muscle in its

ectoderm, and a poorly developed base, which sometimes lets

go its hold on the rock sand and, as the animal lies loosely on

its side, is inflated so that it is half like a physa. This

applies to Aiptasia couchi, for instance.

From this point onwards there are two distinct branches of

further divergence to follow. Some of the forms near the

present-day Metridians went in one direction, some in another.

Let us first follow those in which, to the very end, the six

pairs of primary mesenteries so far predominated over the
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others that they alone were perfect/ although the other

mesenteries ran them close and bore filaments and retractors

(except for the very young- ones) and generally gonads as-

well. As regards other things^ however, many forms began

to follow a line similar to the one already traced in the-

Phelliidie. The body-wall became generally tougher and

thicker and lost its cinclides, while the lower part of it in

mauy cases developed a cuticle, so that the body was in some-

degree divided into scapus and capitulum. But things went

further than this, because some forms retired into deep or

fairly deep water, possibly for refuge, their metabolism

became slower, and they often developed not only a thick

cartilaginous body-wall, but also used up spare energy by

ornamenting it with knobs and crests, the crests sometimes

breaking up into more knobs. In some cases the tentacles

even developed great solid swellings or horns at their bases..

The sphincter still remained strong, but the acontia began to

degenerate, and among these forms, as among the Phelliidte,.

forms may be found in which the}' are still well developed

and others in which they are quite rudimentary. The genera

which have evolved no further than so far indicated are the-

Chondractiniidx.

Certain animals related to the earlier Chondractiniids not

only lost their cinclides, but also all trace of acontia. They
retired to deep water and their bodywall in some cases

became remarkably ponderous—so thick that one would think

the animal could hardly move (see Text-fig. 31). In these cases

the sphincter degenerated and became less powerful, and some-

times even the tentacles were reduced, and they developed

swellings of mesogloea also. Some other animals related to the

early Chondractiniids also lost their acontia as well as their

cinclides, but, probably in correlatio-n with life on shore,

sometimes in deep cracks, they retained part of the primitive

delicacy of tissues and some other primitive traits (see p. 511).

But it is convenient to include them with the deep-water

' Except in a few cases wliei'e a very few other mesenteries attain,

perfection.
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forms in one family, as the two sets have much in common.
This famil}' is the Actinoscyphiidae.

In order to understand the last part of this evolutionary

history, it is necessary to make a start once more from the

stage represented by the Metridiid^e, and to follow the

development of those forms which descended from that stage,

but did not go in exactly the same direction as the

Chondractiniids and Actinoscyphids.

Fi-om a form near Aiptasia, in which, although the

distinction between macrocnemes and microcnemes had been

lost, the primaries still retained their fertility (others sharing

it), a number of forms went a step] further. The primary

mesenteries lost even such predominance as was given thera

by the fact that they alone were perfect, and the first cycle

of secondary mesenteries, and even the second cycle of

secondaries (i.e. the tertiaries, counting the cycles another

way), became perfect also. At first the acontia, the einclides

and the fertility of the primary mesenteries were retained, and

the present-day forms representing this phase of evolution

are the true Sagcu-tiUlie in the strict sense, i.e. the genera

Sagartia, Cereus, and Artemidactis. They have the

mesogloeal sphincter well developed.

Some relatives of the Sagartiidas then began to follow a

path similar in some respects to those already outlined as

having been trodden by the Phelliidae and Marsupiferidse

on the one hand, and the Chondractiniida3 and Actino-

scyphiidje on the other. Some forms retained, others lost the

primitive fertility of the primary mesenteries. But the body-

wall sometimes became thickened, and in all the einclides were

lost. There is only one described genus which definitely

represents this particular stage, and that is Choriactis. It

has many perfect mesenteries and thick body-wall without

einclides, but acontia are still present and the mesogloeal

sphincter is well-developed. This is the type-genus of the

family Choriactidx.

The final step is that by which the forms with numerous

perfect mesenteries, and wiih no trace of distinction of
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the mesenteries into macrocnemes and microcnemes, lost

tlieir acontia as well as their cinclides. In the majority of

them the longitudinal musculature of the tentacles and radial

musculature of the oral disc, Avhich were primitively ecto-

dermal, sank entirely into the mesogloea, and sometimes even

became rather reduced. The forms representing this final

stage are the Paractidse in the strict sense, as defined on

p. 548. Some of the genera still retain one or two primitive

features, but apart from the other advanced tendencies, a

number of them exhibit thick body-walls which may develop

knobs or crests, and the tentacles may show basal swellings of

mesogloea similar to those mentioned in connection with other

families. In the Paractids the mesogloea! sphincter is well

developed.

The above statement gives in general outline an evolutionary

history which seems to offer a reasonable explanation of the

varied structure exhibited by the group.

It mightbe graphically represented in some such way as this :

Eosatfartia.

Diadumenidse.

Metridiidse.

Mavsnpiferidae.

Actinoscyphiidaj.

Sagartiida; Paractidie.

Choriactidse.
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The figure shows that the line of evolution from Eosa-
gartia to the Paractidte is a fairly continuous one, affecting

mesenteries first, and in the end involving loss of first cihclides

and then acontia,the former in correlation chiefly with a change

in the body-wall. Branching off from this main line are two

others, running parallel with the later part of the first line,

and both similarly involving loss of cinclides and finally of

acontia. This evolutionary hypothesis explains the continuous

evolution of the mesenteries, starting from a primitive con-

dition with a small number of microcnemes. It assumes, of

course, the loss of first cinclides and then acontia by three

different series of forms independently ; but I submit that it

is easier to understand their disappearance in three different

cases than it would be to understand their independent

acquisition by three different sets of animals, which latter

would have to be assumed if we started from some other

point. The loss of such pores as cinclides is liable to happen

to' any number of animals progressing on the whole towards

less delicacy of body-wall. I do not know whether one could

find a reason why useful structures like acontia should dis-

appear, but at all events there is no definite reason why they

should not. It is possible that they were an experiment

which did not prove so great an advantage as it might have

done, and was dropped. Loss of activity and slower meta-

bolism may help to account for the degeneration of such

organs in deep-water forms (cf . reduction of gill-respiration

in Pleurotomaria), and if these forms had not a sufficiently

contractile body how could they expel the acontia ? They

are forced out, as far as we know, by currents of water

escaping from the contracting body. In the case of shore

forms and others to which this would not appl}' the former

idea would have to be resorted to. I do not wish to push it

too far or to over-emphasise it, but the disappearance of

acontia does not seem to me to be a great difficulty, and

there may be unknown causes that could lead to it.

It would be advisable now to consider whether there are

any alternative ways of deriving these nine families from
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ancestral forms, and how far any such are valuable. Opinions

will naturally differ. The possibility of starting at the

Pai'actidae and working towards the other groups hardly

needs examining, for surely no one would take a form with

all the specialisations of Catadiomene (for instance) as

primitive (see p. 488). Again, to start from Actinoscyphia
or Marsupifer would be to work from forms with either

thick walls and bulbous tentacles or with cuticle, and definite

or well-developed pedal discs with basilar muscles, towards

moi'e delicate creatures with weaker base. It would assume

independent acquisition in three cases of first acontia and

then cinclides, although, as I have shown above, the presence

of cinclides is not dependent on that of acontia. Such a

scheme would end up near Halcampa, and is, I take it, out

of the question.

The only reasonable alternative seems to be to start

with Eosagartia as before, but to arrive at the Paractids

eventually in a different way. To do this one might take the

main line (involving loss of cinclides and then acontia in this

case) through forms related to Diadumenidfe—Phelliidag—Mar-

supiferidfe—Actinoscyphiida3—Paractids, and assume on three

independent lines the changes from a condition with a few to the

eventual state where many mesenteries are perfect and there

is no longer any distinction between macro- and microcnemes.

The two secondary lines expressing this mesentery evolution

would be parallel to each other and to the later part of the

main line, and would be, respectively, the lines passing through

relatives of

—

(a) Diadumenidse—Metridiidje—Sagartiidse, and

(b) Phelliidae—Chondractiniida3—Choriactidaj.

That the Avhole series of changes from the macrocneme
condition to the state with numerous perfect mesenteries and
no distinction into macrocnemes and microcnemes should take

place on three independent lines, seems to me much less

likely than that cinclides and acontia should be lost on three

independent lines. It would be by no means impossible, and
even seems to have taken place in some of the other Actiniaria
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not undei' immediate discussion, but it would be the less safe

of the two assumptions in this case. Again, if this suggested

alternative scheme were adopted, it would not work out by

means of so neat a series of graduated changes.

. After studying the question, therefore, from many points

of view and for a considerable time, I have not accepted any

of the alternative possibilities, but have concluded that the

scheme described in detail above is the most natural and

probable. But even if the explanation is not accepted, the

classification of the group into nine clearly-defined families

will remain unaifected. Of course, if it should be considered

that the nine families evolved separately from different ances-

tors a different explanation would have to be found. But

that seems highly improbable, and since the various forms

grow very easily out of one another (or rather out of one

another's once-existent relatives), running back to an early

Halcam pa-like form with acontia, there seems no reason

why in this case the mesogloeal sphincter should not denote

common origin.

Before leaving the question of evolution, I should like to

indicate the position in my scheme of Flos mar is (see

pp. 441 and 484) and of any new anemones which may be dis-

covered, representing other combinations than those here

dealt with {see p. 485).

It is quite possible thnt Flosmaris might be evolved in

either of two ways : it might be derived direct from a Phellia-

like ancestor by increase in the number of macrocnemes, or it

might be derived, as I suppose others to have been, from an

Eosagartia-like form via an ancestor, hitherto unrecorded,

in which the number of macrocnemes had increased instead

of remaining six pairs only, but which had retained cinclides

as well as acontia. The loss of the cinclides and development

of a different body-wall would lead thence to Flosmaris. I

do not wish at present to definitely prefer one of these alter-

natives until other forms are known. The first one seems the

more obvious, but I think the other one is equally tenable,

and if the intermediate ancestor mentioned were discovered

—
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it would represent one of the possible combinations—it miglit

prove preferable. Although Flosmaris is externally like

Phellia by possessing a scapus and capitulum, I do not

think this necessarily means that Phellia is its ancestor;

parallel developments are sometimes striking in anemones,

and other forms have scapus and capitulum which could not

be connected with Phellia.

I Avill not make any definite suggestions with regard to

the evolution of the other possible combinations referred to

on p. 485, which may come to hand, until they do so ; but I

may say that I have worked out the evolutionary scheme and

the tree on p. 504 in such a way that new forms can be filled

in without much difficulty.
'

YIIl. Notes on Exceptional Genera.

There are a few genera presenting characteristics which

make them exceptional in one or more respects from the

general tendencies of the group as outlined in the foregoing,

evolutionary history. The existence of exceptions in no way
disproves the general rule. In dealing with living forms it is

impossible to divide everything up into absolutely water-tight

compartments on a mechanical basis. The exceptions cited

may be understood as either forms in which retrogression has

taken place in correlation with mode of life, or in other cases

as forms which have retained one or two primitive charac-

teristics whilst losing others.

( 1 ) Forms with no Sphincter,

The genera possessing acontia but no mesogloeal sphincter

are Diadumene, Phytocoetes, Pelocoetes, Halcam^
pactis, Bartholomea and Aiptasiomorpha. It will be

noticed that all these forms occur in the three families which,

according to my interpretation, are the most primitive of those

here dealt with— i . e . the Diadumenidae, Metridiidae and

Phelliida3. After this the mesogla?al sphincter becomes fixed.

Diadumene, Phytoccetes, and Peloccetes (PI. 22, tigs.
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12, 13, Text-fig. 28).—These three forms live together with

Men a in brackish water in India. A study of the excellent

account of them given by Annandale (4, 5) will remove all

doubt as to their being related to each other and derived from

a common ancestor. Men a has the mesogloeal .sphincter

weakly developed ; the other three agree in all other funda-

mental respects with it, and could on no account be separated

from it, except of course generically, the generic differences

being very marked. They may never have acquired the

sphincter, but I think perhaps it is more likely that they

have lost it. Except Diadumene, they are burrowing and

sponge- and alga-inhabiting forms with long bodies, and

the retention by all of them, even Diadumene, of strong

retractors usually circumscribed does away with the need for

a strong sphincter. The adaptation to life in brackish Avater,

with a return very often to burrowing, might easily account

for a retrogression or secondary simplification involving loss

of the sphincter, or a checking of its development (it is

hardly efficient even where present) and a general return to

a fairly primitive condition.

Haleamp actis.—This again is a form with strong re-

tractors which may have lost or never acquired the sphincter.

We are not even perfectly certain that it does not possess a

very weak one. Farquhar states that it has no "well-defined "

circular muscle, but, as Bourne has suggested (10, p. 67), a

very small one may be present. In any case it agrees with

some of the Phelliid^e in all other important respects, and one

cannot doubt, on the evidence of the sum of the characters,

that it is related to them. It is nearer P hell ia than Hal-

campa, because it has acontia and no cinclides, whereas

Halcampa has cinclides and no acontia.

Aiptasiomorpha and Bartholomea.—A number of

species have been described under the names Aiptasia and

Aiptasioides, on the assumption that the type-species of

Aiptasia (A. couchi) was devoid of a sphincter. The dis-

covery of a weak mesogloeal sphincter (see p. 438) in A . c o u c h
i

,

necessitates a certain readjustment of names, which will l)e
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dealt with later on (p. 531). As a result there are now four

genera—Aiptasia and Heteractis, in wliicli a weak meso-

gloeal sphincter is present, and Aiptasiomorpha and

Bartholomea, in which it is absent. The former genera

contain couchi, prima and pallida^ the latter tagetes,

annul at a and others. I take it that no one would suggest

that couch i, prima, etc., are not closely related to tagetes,

etc. ; in all important features save the sphincter the two sets

resemble one another. The mesogloeal sphincter is very weak

in tliose which have it, but they provide a link between those

without it and those in which it is strong. It looks as if

tagetes, etc., had lost a muscle which was getting weak in

couchi, etc. (or else as if the sphincter-development had been

retarded while other organs evolved). The lax habit of A.
couchi and its long non-retractile tentacles must be connected

in some way with its mode of life, and would naturally be con-

ducive to degeneration of the musculature. If A. mutabilis
has, indeed, as stated by Simon, a diffuse endodermal sphinctei",

it must have been secondarily acquired to replace the lost

mesogloeal one in connection with some new need for

additional musculature (see, however, p._467).

In consideration of the details collected here, it may be

fairly claimed that all the forms enumerated as possessing

acontia but no mesogloeal sphincter are quite clearly related

to other acontiated forms, but have lost the sphincter (or more

improbably never acquired it) in correlation with mode of life

or something similar. I venture to suggest even that it is

not impossible that in some of these forms, at any rate, there

is in fact a very weak mesogloeal sphincter. Very feeble

sphincters are easily overlooked and require good material

for their detection.

(2) Forms Retaining Certain Primitive Characters.

I do not suggest that enough is known about the habits of

tlie animals that will be mentioned to fully account for the

structural correlations which make them exceptional to the

general tendencies outlined in my evolutionary scheme. But
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a detailed study of their life and conditions might well reveal

an adequate reason in each case.

Paraphellia and Isoparactis (Text-figs. 29, 30) have
retained circumscribed retractors on the primary mesenteries

(not on the others)—a characteristic which their relatives have
lost. Paraphellia generally lives on a sandy bottom, and
it may need the powerful retractors to help the sphincter to

withdraw the tentacular crown ver}'^ suddenly to avoid its

being bitten off by hunting fish in search of such things as

molluscs emerging foot-foremost from the sand. This or some-

similar reason would account for retention or re-development

of the circumscribed muscles. Isoparactis lives under stones-

and in dark places. Another anemone which has to some
extent retained circumscription of retractors is H o rm o s o m a ,.

an Antarctic form, the life conditions of which I do not know.

The retractors in this case are less powerful and definitely

circumscribed than in the other two.

S t omp h i a , I s o p a r a c t i s, P a r a n t h u s, e t c.—The tendency

towards the formation of a thick or cartilaginous or cuticled

bod^'^-wall is not universal though general, and sometimes a

thin or comparatively thin one persists. Stomphia and

Isoparactis, whilst possessing a firm and well-developed

mesogloea, vary from moderately thick to quite thin walls*

Paranthus is another case in point. Paranthus and

Isoparactis are shore forms; Stomphia lives in moderate

depths. It is natural, of course, to expect thickening of the

wall to be best developed in deep-water forms, which is

actually the case, but even here Ophiodiscus is not really

thick-walled. The exact thickness varies of course according

to how much the body is distended with water, but probably

the thickest walls cannot be much altered.

Gonads.—Although the general tendency seems to be

towards sterility of the primary mesenteries, a number of

forms still produce gonads on the primaries as well as some

of the others right to the end of the sei'ies. These forms are

some Aiptasids, Isoparactis, Paranthus in some cases,

the true Sagartiidge (Sagartia, Cere us and Artemi-
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dactis), and some of the Paractid genera. The Aiptasids

and Sagartids are still not so far removed as many forms

from the original state of the group, and we can understand

the retention in such cases. I can offer no explanation of

it in the Paractid case. Isoparactis and Paranthus are

curious forms/exceptional in most things. Further reference

will be made to them in enumerating the genera.

IX. Discussion of Generic Characters.

(1) Form of Base.—When a pedal disc is present it may-

vary considerably in one and the same species, as regards its

form, according to environment, and is therefore not valuable

for a specific or generic character unless in any given case it

exhibits certain characteristics invariably. Verrill states

quite clearly, for instance (93), that in Actinostola cal-

losa, Hormathia longicornis and H. nodosa the base

takes the form of a hollow mud-clasping cup when the

animal is living in a muddy situation, but that Avhen it is

living on a hard, stony bottom the base takes the form of a

flat attachment- surface. In the genus Actinoscyphia the

base may form a mud-cup, or it may be adherent or clasp

the spine of some animal and so become long and slit-like.

In Actinauge richardi stages are found from a broad,

flat adhesive disc to a deep cup-like hollow Avith only a small

circular opening, according to habitat. It is probable also

that anemones which live habitually on such supports as

Gorgonians and have one axis longer than the other would

be normal in shape if they grew up under more ordinary

conditions, and this one feature is not enough to differentiate

them generically from ordinary forms if they agree in all the

moi'B important respects.

(2) Body-wall.—Presence or absence of definite verrucas

or acrorhagi and similar structures are obviously useful generic

characters. Presence or absence of a cuticle on the scapus

may also be valuable. With regard to the presence or absence

of " capitular ridges " in some forms, it would seem wise to
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discard the use of this character as a generic one. In
Hormathia digitata the capitulum may be smooth
(Haddon's specimens) or definitely ridged (many of Carlgren's

specimens). In two specimens of this species which I have
examined one had the ridges much better developed than the

other, I have already shown (80) how much these ridges

vary in Ac tin an ge richardi, in which they may be nearly

absent or very prominent. When present they are more or

less regularly arranged in some Hormathias, but in Chon-
drodactis duplicata have no definite arrangement, and
their presence in this latter case cannot separate C. dupli-
cata from other species of Chondrodactis without definite

ridges, because in other ways the relationship is so clear.

In Cymbactis gossei there are "capitular ridges" which
are quite prominent but without regularity ; in this case the

only recorded specimen was strongly contracted, with the

upper part of the body introverted, and the ridges seemed
to me to be due to the contraction of the thick wall, and
would probably disappear on expansion. The species seems

to be clearly a Cymbactis in spite of them. Considering

the general variability of these ridges, even Avithin one and
the same species, it would seem best to discard this some-

what trivial character as a sole mark of difference between

two genera.

The actual thickness of the body-wall itself is another

debatable point. It has seemed a rather useful character

sometimes and has actually been used. But recently I have

come across cases in Avhich it is difficult to decide whether

such-and-such a species should be classed as "thick-walled"

or " thin-walled." For instance, some specimens I have of

Stomphia churchife have a quite moderately tough and

thick wall for the size of the animal, but I would not call

them exactly " thick-walled " or " thin-walled." Carlgren's

figure of Stomphia (Taf. i, fig. 11, 1893) shows quite a

thin-walled specimen, so it is evidently variable. 'I'hen when

I was studying S. chu rehire its whole organisation reminded

me very strongly of a form I had previously described as
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Cymbactis selaginella (79, p. 36), both as regards

arrangement and appearance of tentacles and mesenteries

and as regards detail, so that I have no hesitation in saying

that both ought to be included in one genus. But C . selagi-

nella may be called definitely "thick-walled," though not

necessarily so, and evidently here the genus cannot be

characterised one way or the other since it must also include

S. churchiae. In Chondrodactis, again, one finds grades

of thickness, from moderately thin in part in C. pulchra to

very thick in some specimens of C. duplicata. In Acti-

iiauge richardi different shades are found. Some speci-

mens have a very thick, firm mesogloea, quite remarkably

solid for the size of the animal, while in others it varies in

thickness, till in cases where the body has beeu distended

with water the wall is so very thin that it is semi-transparent

and the mesenterial insertions show through it. Since this

character is liable to vary and one cannot draw a line between

"thin-walled" and "thick-walled" forms, it would probably

be the best to discard it also, in most cases, as a sole difference

between one genus and another.

(3) Tentacles.—The shape of these organs when they

are simple is hardly a useful character for defining genera,

because it varies very greatly from time to time in one and

the same living individual, and within the limits of one

species. The form of the tentacles in a preserved specimen

will depend chiefly on the circumstances of the animal's

death. I have, for instance, two specimens of Phytocoetes
gangeticus preserved in one tube; one of them has the

tentacles contracted— short, and comparatively stout and

stiff; in the other they are expanded, and are very long and

slender and quite flabby.

One character has struck me during the course of my work

as being a distinctly valid one for the separation of genera.

In Actinoscyphia, Chondrodactis and Poly siphonia,

for instance (three genera not closely related to one another)

—

genera containing large, sometimes very large, species—there

are never more than two cycles of tentacles, although the
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mesenteries are arranged in several cycles in the usual way.

It may be urged that the exact number of cycles of tentacles

is not much to go by, and in many cases it is not. But in the

cases referred to there is a wide oral disc, and the tentacles

are all placed in two alternating cycles at the very edge of

it, as a rule all of them more or less communicating with

the margin of the body by means of their basal swellings, the

outer ones only being more definitely marginal than the

Text-fig. 26.

A. Poi'tion of oral disc and tentacles of Catadiomene atro-
stoma (diagrammatic). B. Portion of oral disc and tentacles of

Actinoscy phia saginata (diagrammatic), o.d. Oral disc.

N umbers indicate tentacle-cycles.

inner. The appearance is quite different from the usual

cycle-arrangement, and there is no marked diversity in size

between the outer and inner tentacles. I have attempted to

bring out this difference in Text-fig. 26. A represents part

of the disc and tentacles of Catadiomene atrostoma (dia-

grammatic), showing the ordinary arrangement in several

cycles—five and part of a sixth in this case. B shows part

of disc and tentacles of Actinoscyphia saginata (dia^

grammatic), with the two alternating cycles only. In A the

sixth cycle tentacles are black, the fifth cycle white, the

VOL. 64, PART 4.—NEW SERIES. 34
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Text-fig. 27.

others grey. In anemones attaining so large a size as many of

these, it is quite unusual for the tentacles to constitute only

two marginal cycles, while the mesenteries at the same time

arrange themselves in several cycles in the usual way. It

probably indicates an unusual mode of appearance of the

tentacles, and should form the basis of a clear generic

character. Of course there will be a stage in the life of any

young anemone when only two cycles of tentacles are present,

but I am speaking of adult forms,

the majority of which attain

several cycles.

There are some forms in which

some or all of the tentacles bear,

on their outer sides at the base,

solid thickenings or swellings of

the mesogloeaof theiraboral walls.

Text-fig. 27 shows a transverse

section thi'ough the base of one

of these tentacles. Here the

swelling is much less conspicuous

than is often the case. The

presence or absence of such

swellings provides a very simple

and useful generic distinction,

since it appears to be stable.

Forms which possess the swellings,

and forms without them, may, it

is true, be very closely related

in other respects, and even when the swellings are present they

may be variable in development, so that in one and the same

species they may be very large and conspicuous in one indi-

vidual, and so small as to be hard to detect at all in another.

But they may be detected with care even at theirweakest, and

it is their ijresence, not their size, that constitutes the generic

character.

Another interesting development is shown by the tentacles

of certain relatives of Aiptasia

—

Heteractis and Bartho-

Transverse section of tentacle

of Catadioniene atro-
s torn a. l.m. Longitudinal
musculature, tc. Ectoderm.
en. Endoderm. m. Meso-
glcea.
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lomea (see pp. 531-2). In these genera the tentacles develop

curious thickenings, raised above the general surface of the

tentacle, and which may take the form of spherical tubercles

or of incomplete annuli or spiral bands. These are perfectly-

definite structures, differing histologically from the rest of

the tentacle chiefly in that they are batteries of nematocysts

;

the ectodermal musculature of the tentacles may also be
reduced in them. As far as I can glean from the accounts I

have of these species, the presence of the bands on a portion

of the tentacle (B. peruviana) or over a greater part of

its extent is a constant character. It seems to be quite as

worthy of generic rank as the presence of basal mesoglceal

swellings, and is a very convenient and easily made-out

feature. The genera with and without these curioiis tentacles

are certainly nearly related, but for distinguishing genera one

does not need many differences. If it should be shoAvn that

the presence of the thickenings is variable and that they are

absent in certain individuals that might alter the matter, but

even then I am not sure that the potentiality for producing

them in one species and the inability to do so in another

would not be a sound generic distinction.

(4) Mesenteries.—The distribution of gonads on the

mesenteries is of general use in a broad sense as indicating

evolutionary tendencies within the whole group, and in

some families either one method or another is adopted

throughout. But some of the higher families are variable in

this respect.

In the families Diadumenida>, Phelliidje and Marsupiferida?,

where there is a division of the mesenteries into macrocnemes

and microcnemes, the distribution of gonads of course follows

and forms part of this distinction, the gonads being borne by

the macrocnemes except in exceptional individuals.

In the families where there is no such division into macro-

and microcnemes there are two in which one rule is universal.

In the Chondractiniidfe the primary mesenteries are sterile,

and in the Sagartiidae (sens, strict. ) most or all of them

are fertile, as well as others. But in the remaining families
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the rule is different for different genera. In most cases

all the species in a genus adopt exclusively one condition

or the other—i.e. either they all have sterile primaries,

or they all have them fertile. But there are a few cases

of variation even within one genus or species, and it does not

seem wise to separate two species from each other on the-

sole ground that one has fertile and the other sterile primaries,

although it is very useful to mention the facts of the case in

a definition. Miss MacGuire (66) records two specimens of

Par a nth us chromatoderus, one of Avhich had fertile and

the other sterile primaries, some of the other mesenteries, in

the second case, being fertile ; in the first case some secondaries

were fertile as well as the primaries. In Bolocera, a genus

outside the immediate scope of this paper, some species

have fertile and some sterile primaries, and in B. longi-

cornis it seems as if different individuals might have fertile

or sterile primaries. In any case, of course some of the non-

primaries are fertile in these Bolocerae.

(5) Musculature.—A good character for distinguishing

genera from one another is the form of the retractor muscles

of the mesenteries. Of course in some families they are all of

one type, but in cases where they vary the distinction is a

useful one. Paraphellia is easily distinguished from Lepto-

teichus and Hormatliia, for instance, by having among

other things circumscribed retractors on its primary mesen-

teries, while they have diffuse ones. Isoparactis, again, is

clearly marked off from Par ant h us by its circumscribed

retractors. There are some genera, it is true, in which,

although more or less diffuse retractors are tlie rule, there is

a tendency towards circumscription in some species. This

applies to Sagartia and Aiptasiomorpha and Bartho-

lomea, and it is interesting to note that these are, according

to the evolutionary idea developed above, survivors of some

of the very forms in which the transition from circumscribed

to diffuse retractors would be taking place, or would have

been actually accomplished in most cases, Aiptasiomorpha
being one survivor of the earliest forms to lose the macro-
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cneme and microcneme distinction, and Sagartia one
survivor of the first set of forms to attain numerous perfect

mesenteries.

The character of the individual muscle-processes of the

retractors is certainly not usually of generic value, though it

appears to be capable of distinguishing species from one

another in some cases.

It is a clear and simple distinction to place in separate

genera forms which have the longitudinal tentacular muscula-

ture ectodermal and others which have it embedded in the

mesogloea. This seems to be a natural and stable distinction.

There are a few cases iu Avhich the musculature is meso-

ectodermal, and these must be judged according to the

requirements of the individual case.

AYith regard to the sphincter, it avoids confusion and is a

natural arrangement to place forms with no sphincter in

different genera from those with a weak mesogloeal one. If

the sphincter is endodermal, its diffuseness or circumscription

often form simple generic features, but if it is mesogloeal its

form seems to vary too much to be of use in classification.

(6) Summary.—It has been attempted to show that the

exact form of the pedal disc, the presence or absence of

capitular ridges, tlie thickness of the body-wall, and the form

of the tentacles apart from actual structural differentiation of

])arts of them, are characters which it would be profitable to

discard as sole generic distinctions ; tliat the distribution of

gonads is not invariably a reliable generic character; and that

presence or absence of definite verrucas and acrorhagi, and of

a cuticle in some cases, the presence or absence of basal

swellings or other tentacular specialisations, the limitation of

the cycles of tentacles to two only (at the same time as the

mesenteries ai-e normally arranged in .several cycles) in some

forms, the form of the retractor muscles in most cases, the

position of the longitudinal tentacular musculature (whether

ectodermal and mesogloeal), and the presence or absence of

the mesogloeal sphincter, are more valuable characters which

may usually be emphasised in distinguishing genera. I have
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shown before (79, p. 4) that the length of the body in pro-

portion to its height may be a valueless character in certain

cases, although some aspects of the form of the body are

permissible characters for differentiation. This does not, of

course, survey the field of generic chai-acters at all completely,

but it provides a basis for the re-defining of the genera

especially dealt with in this paper. Individual cases have, of

course, their own needs, Avhich may except them from some

fairly general principle. It should of course be understood

that in suggesting that certain generic chai'acters should be

allowed to lapse, I am not intending omission of any mention

of them, but merely that any one of them should not be

made ground for separating two given species, otherwise

similai', into different genera,

X. Definitions of the jSTew and Revised Families and of

THE Genera Contained in them.

Family 1. DIADUMENID^, n. fam.

Metridiin^ as used by Amiandale, 1915, pro parte.

Actiniina. Pedal disc may be well developed or so

reduced as practically to form a physa. Body-wall delicate,

without cuticle, pierced by cinclides. Tentacles simple, their

longitudinal musculature ectodermal. Oral disc simple or

branched. Mesenteries divided into macrocnemes and micl'O-

cnemes, but in one genus the division not sharply marked and

may be practically lost in some individuals. Six pairs of

macrocnemes which bear well-developed and usually circum-

scribed retractoi's and (with some exceptions in some

individuals) gonads and filaments. A variable number of

microcnemes which are more or less rudimentary according

to genus; they are typically rudimentary, but in one species

some of them may, exceptionally, bear gonad and filament,

and in another some of them may attain considerable develop-

ment ; but even at the best some of them are rudimentary.

Acontia present. Sphincter absent or weak mesogloeal, but

relationship of forms without it to forms with it quite clear.
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Genera : Diadumexe, Peloccetes, Phytoccetes, Mena.
DiADUMENE, n. nom. (see also p. 457).

Metridium as used by Annandale (1907, p. 47, and 1915, p. 76)
for M. schillerianum.

NOT Metridium, Oken.

Diadumenidse with broad, well-developed base. Column usually with
vertically-arranged rows of suckers. Cinclides scattered. A convex
ring-like collar present round upper part of column in expansion.

Tentacles in several cycles. Oral disc simple, retractile. Micro-
cnemes in 3-5 cycles ; in some individuals gonads may be found on
some of them ; and although some are always rudimentary, some of

them may bear filament and longitudinal muscle. No mesoglceal

si^liincter. Retractors of macrocnemes may tend to be diffuse.

Species: D. schilleriana, Stoliczka (Sagartia schilleriana
,

Stolickza, 1869, p. 28. See Annandale, 1907, p. 47, etc.. and 1915,

pp. 72-78). (See PL 22, fig. 12.)

The sole recorded species of the genus Diadumene was
originally described by Stoliczka as Sagartia schilleriana.

It has more recently been made the subject of research by
Annandale (1907, 1915), who has worked out in great detail

both its anatomy and its relationships with Pelocoetes,

Phytoccetes and Men a. He has included it, however,

in the genus Metridium, Oken, w^hich, though a minor

matter, can hardly be correct. If we compare Metridium,
as typified by M. dianthus, with S. schilleriana we
find the following differences.

M. Dianthus. S. schilleriana.

Column smooth. Column usually with suckers.

Oral disc much lobed in adult. Oi'al disc simple in adult.

Sphincter mesoglceal. well devel- No mesoglceal sphincter.

oped.

Primary mesenteries sterile. Primary mesenteries fertile.

Radial musculature of oral disc Radial musculature of oral disc

sometimes partly mesoglceal. ectodermal.

Mesenteries forming a graded Mesenteries here, although not

series, not divided into macro- fully divided into macrocnemes

cnemes and microcnemes, their and microcnemes, tend that

reti-actors diffuse. Number of way, especially in some indi-

perfect mesenteries variable. viduals where only the primaries

although the six sterile primary are fertile. Only the macro-

pairs are often alone pertect. cnemes perfect. Retractors

Imperfect mesenteries, many of more tending to circumscription

them fertile. than in M. dianthus.
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These differences are not all of equal weighty but some of

them are important, and taken together they show that the

two forms are very different and cannot be included in the

same o-enus. My case for allocatingthem to different families

will be found in the earlier parts of the paper and. really

depends more upon the relatives of schilleriana than upon

that species itself, since it is aberrant from the general

tendencies of its group. A new name is therefore required

for the genus containing schilleriana, Avhich is no more

a Sagartia than a Metridium, and I have proposed

Diadumene for it. This name is also a convenient one to

work into the name of the new family to which Diadumene
and its relatives belong.

Peloccetes. Annandale, 1915. p. 85. (See Text-fig. 28 and PL 22, fig. 13.)

Diadumenidit with the basal disc miicli reduced, the aboi-al extremity

capable of assiniiiug a physa-like appearance and shape. Column

vermiform, vrith no collar, with suckers in the upper part arranged

in vertical rows, and with cinclides also arranged in vertical rows in

the upper part. The majority of the tentacles arranged in groups,

each of which is placed on a flattened pedicel or outgrowth of the

reduced, non-retractile oral disc. The only recorded species has

thii'ty-six microcuemes. of which some are occasionally fertile, thoiigh

as a rule they are rudimentary (Text-fig. 28). No mesogloeal sphincter.

Species: P. exul, Annandale, 1907, p. 48, etc., and 1915. pp. 72-76,

86. (See Text-fig. 28 and PI. 22, fig. 13.)

Phytoccetes, Annandale. 1915, p. 78.

Diadumenidse with basal disc small and unmuscular. never strongly

adhesive, the aboral extremity capable of assuming a physa-like shape

and appearance. Column capable of considerable elongation but

protean in form, smooth and very thin, the cinclides scattered in the

upper i^art. Tentacles thread-like in full expansion, retractile. Oral

disc simple. In the only recorded species there ai-e usually twelve

microcnemes. all of them almost vestigial. No mesogloeal sphincter.

Species: P. gangeticus, Annandale, 1915, pp. 72-76, 79. (See also

1907.)

Mena, n. gen.

Phytoccetes, Annandale, 1915. p. 78. pro parte.

Differs from Phytoccetes by having a weak mesoglceal sphincter,

and. in the only recorded species, minute papilla; on the body-wall.

Species : M. chilkaea, Annandale, 1915, p. 82. (See also pp. 72-76.)
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I have proposed a new genus (Men a) for the reception of

Annandale's Phytocoetes chilkaeus, because it avoids

confusion in identifying to have forms with no sphincter

Text-fig. 28.

Transverse section of body <•£ Peloccetes exul. aji. Actiuopharynx-

hw. Body-wall. /;(. Microcneme. *•. Retractor.

separated from those with a niesogloeal one; and the differ-

ence is one of enough importance to warrant separation.

Halcampa is distinguished from Halcampoides, and

Aiptasia from Aiptasiomorph.'i; in the same way.
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Family 2. PHELLIID^.

Phellin^, Verrill, 1868, p. 324, 1869. p. 489.

Phelliin^ as used by Haddon, 1898, p. 452.

NOT Phellin^ as used by Carlgren. 1893, p. 109, except for

Phellia itself.

Phelliid^, Bourne, 1918, p. 84.

Actiniina. Body more or less definitely divided into a

middle part or scapus provided with cuticle which is some-

times deciduous; scapns may be incrusted ; a usuall}^ more

delicate or extensile capitulum without cuticle, and which

can be introverted ; and a base which may be adherent or

may resemble a physa. Cinclides absent. Tentacles and

oral disc simple. Longitudinal musculature of tentacles

usually ectodermal, sometimes meso-ectodermal. Radial peri-

stomial musculature may be absent. Mesenteries divided

into macrocnemes and microcnemes. Six pairs (or rarely

fewer and rarely a very few more than six pairs) of macro-

cnemes which bear circumscribed retractors, filaments, and

most or all of them gonads. A variable number of micro-

cnemes which are more or less rudimentary; they bear no

gonads, but some of them may bear acontia and filaments

(usually very small ones) and vestiges of longitudinal

musculature ; their only well-developed muscles are the

parietals. Acontia present, sometimes rudimeutary. Sphincter

usually mesogloeal, rarely absent, sometimes divided into a

thicker scaj^ar and thinner capitular portion.

Genera: Phellia, Decaphellia, Halcampactis. and perhaps

Isophellia.

Doubtful genera which may possibly find a place here are Octo-
phellia, Andres, and Ilyactis, Andres.

Phellia, Gosse, Ann. N.H., 3, ii, 193, and 1860, p. 134.

Phelliidse with base of variable development; it may be distinctly

adherent, or may be more or less inflatable and comparable to a physa,

and may be somewhat reduced. Peristomial musculature absent or

reduced, causing the mouth to gape (always.^). Six pairs of macro-
cnemes, usually all fertile. Microcnemes variable in number. Acontia
variable, sometimes rudimentary. Sphincter mesoglcsal, typically

divided into a broader portion in the scapus and a narrower one in
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the capitulum. Longitudinal musculature of the tentacles ectodermal,
may be very powerful, or sometimes meso-ectodermal. Form of body
variable ; may be elongate.

Species: P. murocincta, Gosse, Ann. N.H., 3, ii, 193, and 1860,

p. 135, is the type of the genus. Other species are numerous.

Decaphellia, Bourne, 1918, p. 60.

Phelliidse "with the characters of Phellia, but the capitulum has
no musculature except for a mesogloeal sphincter at its distal extremity,
and there are only ten complete macromesenteries' bearing longitudinal

retractor muscles."

Species: D. psammomitra, Bourne, 1918, p. 60.

Halcampactis, Farquhar, 1898, p. 530.

Phelliidse with a rounded aboral extremity or physa. Six pairs of

macrocnemes, and in the only anatomically described species six pairs

of microcnemes. Body-wall provided with minute suckers; cuticle

deciduous. No sliarply-defined sphincter.

Species: H. mirabilis, Farquhar, 1898, p. 530. H. dubia,
Stuckey, 1909, p. 387.

IsoPHELLiA, Carlgren, 1900, p. 72. (See p. 487.)

? Phelliidse. Basal disc not sharply marked off. Scapus long, with

numerous small papilla? to which sand-grains are attached. Capitulum

smaller, without papillaj, smooth. Tentacles simple, in several cycles

in the adult, their longitudinal musculature ectodermal. The most
proximal part of the mesogloeal sphincter sometimes separated from

the remaining part. Macrocnemes of the first cycle as usual, six pairs,

with gonads and strong retractors. Half the mesenteries (three couples)

of the second cycle may also be macrocnemes like the primary

mesenteries ; the rest of the second cycle then imperfect and with

weak or no distinct retractors. Third cycle consists of microcnemes.

Pi'obably more microcnemes present in distal part of body. Gonads

found on those of the second-cycle mesenteries which are macro-

cnemes, and on at least one of the weaker second-cycle mesenteries.

Species : I. sabulosa, Carlgi'en, 1900, p. 72. (See p. 487.)

For a discussion of the systematic position of tliis genus

see p. 487.

Family 3. MARSUPIFERID^, n. fam.

Paractid^ as used by Carlgren, 1901 and 1902, pro parte.

Actiniina. Pedal disc of variable extent. Column divided

' Macrocnemes.
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into a cuticled or encrusted scapus and a naked capitulum.

Xo cinclides. Tentacles simple, their longitudinal muscula-

ture ectodermal. Oral disc simple. Mesenteries divided into

macrocnemes and microcnemes. Six pairs of macrocnemes

with powerful retractors, gonads and filaments. The micro-

cnemes may be broad, but are devoid of gonads, filaments

and definite retractors. Xo acontia. Sphincter mesogloeal,

double or single. Brood-pouches may develop in connection

with the microcneines of the female.

Genera : Maesttpifer. Phelliomoepha.

It is not impossible that the doubtful genera Phelliopsis, Yen-ill.

and Cactosoma, Dan., may find a place here.

Marsupifek, Carlgi-en, 1901.

Marsupiferidte with definite base. Column smooth but for the

cuticle of the scapus, capitulum naked and introvertible. Six pairs

of macrocnemes, few mici'ocnemes. Sphincter well developed, double.

Female, in the only recorded species, with six brood-pouches developed

in connection with the microcnemes.

Species: M. valdiviaj, Carlgren, 1901.

Phelliomoepha, Carlgren, 1902.

Phellia as used by Danielssen, 1887, pro parte.

IsoPHELLiA. Carlgren, 1900, p. 52, pro parte.

Marsupiferidoe with base which may not be broad. Scapus with

papillae attaching sand-grains. Six pairs of macrocnemes and a few

microcnemes. Sphincter very weak, single, lying just at the bases of

the tentacles.

Species: P. crassa, Danielssen. (See Carlgren, 1902.)

Family 4. METRIDIID^.

Meteidin.?:, Carlgren, 1893, p. 101.

Actiniina. Definite base, which may be broad or may be

small and weakly adherent. Body-wall delicate or fairly firm,

but with no cuticle; pierced bj' cinclides. Tentacles simple

or with curious spherical or ring-like or spiral protuberances

either near the tip or spread over the whole tentacle ; but

without aboreal basal thickenings of the mesogloea. Longi-

tudinal musculature of tentacles ectodermal or meso-ecto-

dermal. Oral disc simple, undulate, or lobed. Mesenteries
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NOT divided into macrocnemes and microcnemes. Number
of perfect mesenteries typically six pairs only, but sometimes

a few more perfect mesenteries are present in certain indivi-

duals of a species ; or the typical number for a species mav
be eight pairs. Retractor muscles diffuse or with a tendency

to circumscription. Perfect mesenteries fertile or sterile,,

usually the latter. Acontia present. Sphincter mesogloeal,

strong or Aveak, sometimes absent
;

perhaps even weak
endodermal in one case, those forms in which it is absent

being clearly related to those which have it.

Genera: Metridium. Calliactis, Adamsia, Aiptasia. Aiptasio-

MORPHA, HeTERACTIS. BarTHOLOMEA.

Another genus which may possibly come here is Stelidiactis,

Dan.

Metridium, Oken, 1816.

AcTixoLOBA, Blainville. 1830.

Metridiidae with well-developed base. Body-wall smooth, with a

very distinct circular collar round the upper part, in expansion ; it is

less evident in the young than in the adult. Cinclides scattered in the

delicate wall below the region of the sphincter. Oral disc circular in

the young, but deeply and conspicuously lobed in the adult, V>eariug

many simple tentacles ; its radial musculature may be ectodermal or

partly mesogloeal. though the longitudinal musculature of the tentacles

is ectodermal. Perfect mesenteries veiy variable in number and often

irregular in development. In the majority of individuals the numljer

of perfect pairs is between six and eleven, and of these indivicluals

a considerable number have the standard six pairs alone perfect. More

rai-ely there are fewer than six pairs pei-fect, and still less often are

more than eleven pairs perfect. This irregularity is probably connected

with the fact that asexual reproduction, especially by means of basal

fragmentation, is of frequent occun-ence. The six primaiy pairs of

mesenteries are sterile. Sphincter well developed, mesogloeal. simple.

Retractors diffuse, sometimes short and In-oad in section.

Species: The genotype is M. dianthus, Ellis. 1T68, p. 428. (See

also Carlgren, 1893, p. 102, Ton-ey, 1898 and 1902. McMun-ich, 1901. etc.)

The above definition of Metridium may perhaps prove to

be too narrow and exclusive, but for the present I have drawn

it up chiefly with regard to the type-species M. dianthus,

of which M . m a r g i n a t u m and M . f im b r i a t u m are probably
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synonyms (see McMurrich, 1901). Whether it will need

modification when more is known of other species remains to

be seen, but no forms in which the adult has a non-lobed disc

or no collar should be included in it. Anyone who has seen

M. dianthus alive and healthy cannot have failed to note

these two striking characters. Even in the young one begins

to see the collar and the plumy character of the tentacles.

If it should be found that there are other species like Metri-

dium but in which the disc in the adult remains entire,

a new genus will be required for them. It is possible that

M. parvulum, McMurrich, 1904, and M. canum, Stuckey,

1913, are such forms, or, on the other hand, they may be

young forms. For discussion of M. schillerianum

,

Stoliczka, which is not really a Metridium, see p. 521.

Calliactis, Yerrill, 1869, p. 481.

Sagartia as used by Gosse, 1860, pro parte. (S. parasitica.)

Adamsia as used by M. Edw.. 1857, pro parte, by Andres, 1883,

p. 366, pro parte.

Metridiidse with well-develoi^ed base. Column more or less cylin-

drical, not distorted ; its wall may be firm or i-ather thick, and in some

cases may form a kind of membranous investment, which is often

shed, over part of the column. Cinclides in one or more horizontal

rows near base of column ; tliey may or may not be mounted on small

tubercles. No collar. Margin tentaculate. Sometimes the oral and

pedal discs are expanded beyond the column ; the former is not lobed

but may be somewhat undulate ; its radial musculature may be partly

mesoglceal. Tentacles simple, in more than two cycles' in the adult,

their longitudinal musculature ectodermal or meso-ectodermal. Six

pairs of perfect mesenteries which are sterile. Retractors diffuse.

The species usually live on a shell inhabited by a hermit crab, but not

invariably. Sphincter mesoglceal.

Species: Genotype, C. decor a ta. Drayton in Dana, 1849.

Others are C. variegata, Verrill, 1869, p. -481.

C. tricolor, Lesueur, 1817, p. 171 (= C. bicolor. Les., 1817, p. 171

= C. egletes, D. & M., 1866, p. 134. See also McMurrich, 1898.)

' It should be understood that when " tentacles in more than two

cycles" appears in a definition, it does not exclude from the genus

any species which may never attain more than two cycles l)ecause of

extreme smallness when adidt, and does not refer to young specimens.
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C. fusca, Q. & G. (fusco-riibra, Q. & G., 1833, p. 145, fusca,
M. Edw., 1857, p. 281).

C. polypus, ForsH], 1775, p. 102. (See Hertwig, 1882, p. 74. and
Carlgren, 1900.)

C. miriam, H. & S., 1893, p. 130, Haddon, 1898, p. 457.

C. reticulata, Stephenson, 1918, A, p. 53.

C. parasitica, Oouch. 1838, p. 80. (See Gosse, 1860. p. 112;
Hertwig, 1879 ; Faurot, several papers.) (? = C. rondeletii. D. Ch.,

1828, p. 72.)

C. kroyeri, Dan., 1887, is a synonym of Allantactis parasitica.

The British representative of this genus is C. parasitica,

Couch (= Sagartia parasitica, Couch). There can be

no doubt that this form really is a Calliactis and not a

Sagartia. It differs from Sagartia as represented by
the type-species S. miniata, venusta, etc., by having

—

(i) the cinclides confined to a region a little above the

base;

(ii) only six pairs of perfect mesenteries instead of a

larger number;

(iii) the primary mesenteries sterile instead of fertile.

Apart from this there is a great difference in details and in

habit between C. parasitica and the typical Sagartias, as

I can testify from personal experience ; and the habitat again

(on a shell inhabited by a hermit crab), although not exactly

a generic character, is a feature often found in Calliactis.

Adamsia, Forbes, 1840, p. 181.

Metrididiidse with the body much distorted in the adult so as to

form a wrap round a shell inhabited by a hermit crab. The basal

disc is greatly extended and secretes a cuticle, formed of solidified

mucus, which may extend beyond the mouth of the shell, when the

latter becomes too small for the anemone, so as to form not only a

support for the anemone but also a house for the crab. Cinclides

towards the basal margin of the smooth body ; they may be mounted

on slight elevations. Oral disc not lobed. Tentacles in more than two

cycles in the adult, simple. Sphincter mesogheal. Development of

mesenteries may be in-egular and asymmetrical.

Species : The genotype, to which the above definition refers, is

A. palliata, Bohadsch, 1701, p. 136. (See Gosse, 1860, p. 125, and

several papers by Fanrot.)
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AiPTASiA,' Gosse. Ann. X.H., 3, i, 416, and 1860, p. 151.

AiPTASioiDES, Stephenson, 1918, a, p. 51.

Metricliidge with definite base which may vary ; it may be well

developed ; its margin may be irregular, almost " lacerate "
; or it may

be quite small and weakly adherent, and able to be inflated i-ather

like a physa. Body-form normal but variable, and may attain a long

trumpet-shape. "Wall delicate, with the ciuclides usually in a hori-

zontal zone near the middle of the column. Margin tentaculate.

Tentacles simple and smooth, usually non-retractile ; may be long, iu

more than two cycles in the adult, their longitudinal musculature

ectodermal. Oral disc simple. Six pairs of perfect mesenteries

with diffuse retractors ; they may be fertile. Sphincter very weak,

mesoglceal. Ectodermal longitudinal musculature may be present in

body-wall and actinopharjTix. at least in the iippermost part.

Species: Genotype, A. couchi, Cocks, 1851, p. 11. (See Gosse,

1860, p. 152, and this paper, p. 437.)

Other species are A. pallida, Agassiz, 1849 (MS.). (See McMui-rich,

1889, Journ. Morph. and Proc. Ac. Nat. Sci. Philad.)

A. sp., McMurrich. 1889, Proc. Acad. Nat. Sci. Philad.

A. prima, Stephenson. 1918 (— Aiptasioides prima, Steph.,

1918, A, p. 51).

The genus Aiptasia as here defined is more limited than

it has sometimes been—limited, in fact, to the nearest rela-

tives of the genotype A. couchi, the anatomy of which is

now definitely described on p. 437. I have excluded from it

forms with no mesoglceal sphincter, and also forms vrith.

specialised tentacles, because although these are closely

related to Aiptasia, the possession by them of the twa

characters mentioned seems to necessitate generic separation

in the case of the lack of a mesoglceal sphincter at any rate.

The other character is mentioned again on p. 51(3, and under

Heteractis.

AiPTASiOMORPHA. n. gen.

Aiptasia as used for forms without mesoglceal sphincters and
with smooth tentacles.

* It may here be noted that Bounie has suggested classing Aiptasia
with Anemonia. But since it is now known that several Aiptasias
and relatives have mesoglceal sphincters, I take it that this, together

with their acontia and cinclides, show their relationships to be with

Metridiidse.
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Metridiidffi with definite base and normal but variable form, -which

may be like that of a long trumpet or pillar, or may be short. Wall
more or less delicate, with cinclides which are typically ai-ranged in

a horizontal zone near middle of column, or in horizontal rows in lower

parts. Margin tentaculate or with a parapet. Tentacles simple and
smooth, in more than two cycles in the adult, probably i;swally non-

retractile, their longitudinal musculature ectodermal. Oral disc simple.

Typically six pairs of perfect mesenteries; they may be fertile, and
their retractors may be more or less circumscribed. Xo mesoglceal

sphincter.

Species: A. paxi, n. nom. (A. couchii, Pax, 1909, p. 337.) (See

this paper, p. 439.)

A. minima, Stephenson, 1918. A, p. 49.

A. leiodactyla. Pax, 1910, p. 198.

A. diaphana. Rapp, 1829.

In 1918 (79, p. 51) I instituted a genus Aiptasioides to

receive forms resembling Aiptasia but with a mesoglceal

sphincter, following Pax in limiting Aiptasia to forms with

no sphincter. At that time A. couchii, the genotype of

Aiptasia, had not been anatomically described from British

specimens ; but now that it has proved (see ji. 438) to have a

weak mesoglceal .sphincter, the name Aiptasia must apply

to the forms which I included in Aiptasioides as well as to

A. couchii, and a new name is required for sphincterless

forms. I propose Aiptasiomorpha, and confine it at present

to forms with smooth tentacles.

Hetekactis, Milne-Edwards, 1857.

Aiptasia as used for A . hicida by some authors.

Metridiidse with definite base. Cinclides in a horizontal zone near

middle of column. Margin tentaculate. Tentacles in probably more

than two cycles in the adult, not fully retractile ; they possess ou their

surface a number of scattered spherical or reniform protuberances,

which are hollow outpushiugs of the wall of the tentacle, differing

histologically from the rest of the tentacle chiefly in that they possess

many nematocysts and liave reduced longitudinal musculatuie. Lougi-

tiidinal musculature of tentacles ectodermal. Oral disc not lobed.

Six pairs of perfect mesenteries. Diffuse retractors. Sphincter weak

mesoglceal.

Species: H. lucida, D. &. M., 1860.

VOL. 64, PART 4. NEW SERIES. 35
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It has seemed best (see p. 516) to separate forms with

modified fi'om those with normal tentacles, and this involves

the restoration of the genus Heteractis. I have defined it

to fit H. lucida, as described by McMurrich, 1896, p. 182.

There remains the difficult}' that H. aurora is really the type

of Heteractis, and if this proves to be something different

from H. lucida the latter will need another name. Heter-
actis differs from Bartholoinea in that it has a mesogloeal

sphincter. Pax describes (1910, p. 201) an anemone which

he identifies as lucida, but it has no sphincter, and from his

figure of a tentacle it would seem that the thickenings are

rather different from those of McMurrich's species. Perhaps

Pax's anemone is something other than lucida, and should

be included under Bartholomea as defined below.

Bartholomea, Dnch. & Mich., 1866.

AiPTASiA as used for A. annulata, etc.

Metridiidse with definite l)ase. Body-wall delicate, with cinclides

typically iu a horizontal zone near middle of column, which may be

fairly long. Margin tentaculate. Oral disc not lobed. Tentacles in

more than two cycles in the adult, their longitudinal musculature ecto-

dermal ; they may be long and are not fully retractile. The tentacles

have spiral or incompletely annular raised bands on their surface, which

are of the nature of batteries of nematocysts ; these bands may occur

throughout the extent of the tentacle, or near the tip only. Perfect

mesenteries, six, seven, or eight pairs. Retractors diffiise, sometimes

rather restricted. Primary mesenteries usually sterile. Xo mesogloeal

sphincter.

Species: Genotype, B. annulata. Lesueur. 1817, p. 172. (See also

McMurrich, 1889, Journ. Morph., and Pax, 1910, p. 206.)

B. peruviana. Pax, 1912, p. D. 18.

/ B. tagetes, D. & M., 1866, p. 133. (See McMurrich, 1889, Journ.

Morph., and Pax, 1910, p. 203.)

In separating from Aiptasia forms with specialised ten-

tacles (see p. 516), it has been necessary to revive two old

genera—Heteractis for forms with a mesogloeal sphincter

and Bartholomea for those with no sphincter. The genus

Bartholomea was established in 1866 and included B,

solifera (= annulata) and B. tagetes. As these are the
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two species with which we are mainly concerned at the

moment Bartholomea is evidently the right name for them.

I have put a query before the name of B. tagetes because I

am not sure whether it belongs here or in Aiptasiomorpha.
McMurrich describes the tentacles as smooth, but Pax states

that the thickeniugs are present but inconspicuous and flat.

Family 5. CHONDRACTINIID^.'

Chondractinin.e. Haddou. 1889, p. 304.

Chondractiniix^, Haddon. 1898, p. 458.

Phellin^ as used by Carlgren, 1893, p. 109, except Phellia.
NOT Phellin^, Verrill, 1868.

Actiniina. Definite base, which may be flat and adherent,

or may clasp a cylindrical object or form a mud-enclosing

cup ; more than one of these types may occur in one and the

same species. Body-wall variable, frequently tough and

cartilaginous and sometimes very thick ; may be uninter-

rupted or may be divided into two regions—a main lower

scapus and a submarginal capitulum. These regions may
both be smooth ; the lower may be encrusted with sand, or

the scapus may develop a smaller or larger number of

prominent or insignificant tubercles and may also possess

cuticle ; the capitulum may bear ridges or crests which may

break up into tubercles, but it is almost ahvays free from

cuticle. No cinclides." Tentacles simple or wnth al)oral

basal swellings of mesogloea, their longitudinal musculature

ectodermal or meso-ectodermal. Oral disc simple or bilobed,

' There is not now any genus called Chondractinia, since that

name has been shown to be a synonym of Hormathia. But that does

not provide any reason why the name Chondractiniiuse of Haddou

should not be used as the foundation of the name of the new family—it

is not misleading and is very appropriate to many of the forms

included in the family.

' With regard to this it may be noted that although the members of

this family have not, so far as we know, any true cinclides, there is at

least one record of pei-forations of the wall which, although probal>ly

not really cinclides, were rather curious. An account of these will br

found in 80. pp. 144-145.
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Mesenteries not divided into niacrocnemes and microcnemes.

Only six (or rarely a very few more) pairs of mesenteries

perfect. Primary mesenteries sterile. Retractors as a rule

diffuse, but may be restricted or circumscribed. Acontia

present, but may be so reduced as to be rudimentary.

Sphincter mesogloeal, usually well developed.

Genera: Hormathia, Actinauge, Paraphellia, Sagartiomorphe,

'Leptoteichus, Chondrodactis, and probably Phelliactis.

Other genera of doubtful standing which may possibly find a place

here are Ammonactis, Verrill, Kodioides, Dan., AUan-
tactis, Dan., Anthosactis, Dan.

Hormathia, Gosse, Ann. N.H., 3, iii, 47, 1860. p. 218.

Tealia, Gosse, Ann. N.H., 3, i, 417, 1860, p. 205, pro parte (T.

digitata).

BuNODES, Gosse, Ann. N.H., 3, ii, 194, I860, p. 189, pro parte (B.

coronata).

Cereus as used by Hertwig, 1882. p. 76 (C. spinosus).

NOT Cereus, Oken.

Phellia as used by Hertwig, 1882, p. 80 (P. pectinata), and 1888,

p. 24 (P. SPINIFERA).

NOT Phellia, Gosse.

Chondractinia, Liitken, 1860, p. 190.

Chitonactis, Fischer, 1874, p. 226.

Chitonanthus, McMurrich, 1893, p. 189.

Chondx-actiniidffi with variable base, which may be an adherent disc or

may form a more or less fully developed cup enclosing mud, or may be

long and narrow, clasping a spine-like support, in which case its edges

may fuse where they meet ; more than one of these tyj^es may occur in

one and the same si^ecies. Body-wall variable, often tough and cartila-

ginous, sometimes thick. Column divided more or less definitely into

scapns and capitulum. Except in small and in rare smooth specimens the

scapus possesses at least some development of solid tubercles. These

may form one single circle round its distal margin, or they may be more
widely distributed ; in the latter case they may be without definite

arrangement, or there may be a tendency to arrangement in vertical

rows, which may be carried out definitely as regards at least some of

them, in which case the rows are as a rule in multiples of six, rarely of

seven or eight. Typically about twelve (or a multiple) " coronal

"

tubercles are recognisable where scapus and capitulum join, though

they may not be different from the other tubercles and may merge into

the ridges of the capitulum: the scapus mayor may not be provided
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with cuticle. Capitulum nearly always free from cuticle ; may be smooth,

or may be provided with longitudinal ridges which may be distinct or

feebly developed and vaiy in form, sometimes being broken up into

tubercles themselves ; they sometimes appear on incipient contraction,

being absent in expansion: when present they are most often about
twelve (or a multiple) in number. Tentacles simple, in more than two
cycles in the adult, their longitudinal musculature ectodermal. Oral

disc not lobed; its radial miTsculature may be partly mesogloeal.

Typically six pairs of perfect mesenteries, rarely seven or eight pairs.

Retractors diffuse, but may be very well developed.

Species : Genotype. H. margaritse, Gosse. Ann. N.H.. 3, iii. 47. and

1860, p. 219. (See also Haddon. 1889, p. 310.)

Others are H. andersoni, Haddon, 1888. p. 251.

H. digitata, MiiUer, 1776, p. 231. (See Haddon, 1889, p. 3U6, and
Carlgren, 1893, pp. 110 and 138.) (= Te alia digitata, Gosse.)

H. coronata, Gosse, Ann. N. H., 3. ii. 194. 1860, p. 202.

H. marioni, Haddon. 1889. p. 313.

H. nodosa, Fabr., 1780, p. 350. (See Haddon, 1889, p. 308. and

Carlgren, 1893, pp. 115, 138.1

H. pectinata, Hertwig, 1882. p. 81. (See also McMurrich. 1893, p.

190.) (= H. spinifera, Hertwig, 1888, p. 24.)

H . e X 1 e X , McMurrich. 1904.

H.castanea. McMurrich, 1904.

H. longicornis, Verrill. 1882. p. 222.

H. spinosa, Hertwig, 1882, p. 76.

The long- definition of the above genus will show how
variable a one it is in some respects. Moreover, many of the

variations mentioned may be exhibited by different specimens

of one and the same species, so that genei'ic characters cannot

be made of them. McMurrich (1893, p. 209) and Haddon

(1898, p. 459) have already pointed out that C h on dr actinia

and Chitonactis cannot be distinguished from Hormathia
on the basis of the nature and arrangement of the tubercles.

It is also clear that McMurrich's genus Chitonanthus

cannot stand, since the presence or absence of capitular

ridges is not constant for some species (see p. 512). The

species assigned to Phellia and Cereus by Hertwig, more-

over, really belong to this genus ; Hertwig did not correctly

interpret the two genera in question, as has been pointed out

before by Haddon and McMurrich. Bunodes minuta,

Hertwig, has also been placed in Hormatliia by Haddon



536 T. A. STEPHENSON.

(1898, p. 459; 1889, p. 312). It is probably a member of

this genus, but has only two cycles of tentacles and only tico

pairs of perfect sterile mesenteries instead of six. The second

of these features may be an individual abnormality or both

may be due to the small size of the animal, but I prefer to

leave the species out of the genus till more is known of it.

AcTiNAUGE. Verril], 1883, p. 50.

Chondractiuiidse with adherent or mud-clasping base, hoth sorts

found in the same species. Body-wall typically cartilaginous, very

thick or veiy thin according to state of distension, etc. Column divided

more or less definitely into scapus and capitulum. Scapus tuberculate,

the tubercles with or without cuticle, iiTegulai-ly arranged or with a

tendency to an-angement in vertical rows ; coronal tubercles or coronal

rows of tubercles about twelve or a multiple of twelve, more or less

distinct, sometimes merging into capitular ridges. Capitulum nearly

always without cuticle, usually ridged, but not invariably, the ridges

very variable in development, typically about twelve or a multiple.

Tentacles in more than two cycles in the adult, their longitudinal

musculature ectodermal. Each tentacle (or sometimes each tentacle

of the inner cycles) has a solid mesogloeal swelling on its aboral side at

the base ; the swellings may be very large, or they may be so i-educed

as to be almost suppressed, both states occurring in different individuals

of one species ; but they are always present ; there is a definite con-

nection between the i-idges of the capitulum and the bases of some of

the tentacles—in A. richardi, for instance, the ridges appear to be

often due to extensions of the basal swellings of the fourth-cycle

tentacles which run over the edge of the disc and down the capituhim.

Oral diso not lobed. Six pairs of perfect mesenteries. Retractors

diffuse, may be well developed.

Species: Genotype, A. verrillii. Mcilurrich. 1893, p. 184. (=
Urticina nodosa. Verrill, 1873, p. 440.)

A. fastigata, McMurrich, 1893, p. 187. (= Actinauge nodosa
var. coronata, Ven-ill, 1883.)

A. richardi , Marion, 1882, p. 460. (See Haddon. 1889, p. 319, and

Stephenson, 1918, b, pp. 148-154.)

Paraphellia, Haddon, 1889, p. 321. (See Text-figs. 29 and 30.)

Chondractiniidfe with well-developed base which may be widely

expanded. Column divided into scapus and capitulum; scapus smooth

or slightly corrugated, without cuticle (always ?}, but sometimes

encrusted with sand or with a thin coating of liardened mucus in which

sand may he embedded or a thick wrinkled bark-like coating; capitulum
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Text-fig. 29.

narrow and smooth. Tentacles simple, in more than two cycles in the

adult, their longitudinal musculature ectodermal. Oral disc simple, its

radial musculature ectodermal. The six pairs of perfect mesenteries

have strong circumsciibed retractors, whereas those of the second cycle

are diffuse. (See Text-figs. 29 and 30.)

Species: P. expansa, Haddon, 1886, p. 616, 1889, p. 321. (See

Text-figs. 29 and 30.)

The above definition is drawn

up so that of the three species

which have been referred to the

genus Paraphellia it includes

only the one for which the genus

was originally founded (P. ex-

pansa). I have intentionally

excluded the others (P. lineata

and P. hunti) because they seem

to me to be sufficiently dilferent

from P. expansa to claim generic

distinction. P. expansa, with

which I am personally acquainted,

is a very distinct form, and its

powerful circumscribed retractors

a,re enough in themselves to

separate it from forms with diffuse

ones. The limits of the genus

Sagartiomorphe, Kwiet., are

not at present very clear, but it

would seem that P. lineata and

P. hunti would be better placed

there than in Paraphellia, and

consequently I have included them

in Sargartiomorphe pending further knowledge. It is not

impossible that they will finally need a distinct genus to

themselves on account of the nature of the margin.

Sagartiomorphe, Kwietniewski, 1898, p. 396.

Paraphellia, as used by Haddon in 1893, pp. 129-130, pro parte,

and in 1898, pp. 460-462, pro parte.

Chondractiniidae with definite base. Column smooth, without cuticle

Primary mesenteiy of Para-
phelliaexpansa. CM. Endo-
dermal circular musculature.

E. Endoderm. F'. Mesoglceal

processes for muscle. M.
Mesoglcea. i?. Retractor.
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its upper margin may be raised into a fold. Tentacles simple, in more

than two cycles in the adult, their longitudinal musculature ectodermal.

Oral disc simple, its radial musculature ectodermal. Pei-fect mesen-

teries with diffuse retractors.

Species: Genotype, S. carlgreni, Kwietniewski. 1898, p. 396. To
this I add S. hunti, H. & S., 1893, p. 129, 1898. p. 461, and

S. lineata, H. ct S., 1893, p. 130, 1898, p. 462. (See note imder

Paraphellia .)

Text-fig. .30.

Transverse section of body of P a r a p h e 1 1 i a e x p a n s a . APH.
Actinopharynx. APH.G. Actinopharyngeal groove. BW.
Body-wall. D. Directive mesentery. Numbers indicate
mesentery-cycles.

Leptoteichus, Stephenson. 1918, a, p. 57.

Chondractiuiidse with definite base. Column not divided into scapus

and capitulum, smooth, without tubercles or cuticle, with a tentaculate

margin. The animal may attain large size and firm, tough, veiy thick

wail. Tentacles in more than two cycles in the adult, devoid of basal

swellings : they may be large and stout ; their longitudinal musculature

is almost completely ectodermal, but the radial musculature of the oral

disc is partly mesoglceal. Oral disc simple. Six pairs of perfect

mesenteries with quite diffuse retractors. The processes of the mesen-

terial musculature may be stout and finger^like. Acontia so much
reduced as to be rudimentary.

Sjiecies : L. insignis, Stephenson, 1918, a, p. 57.

The features which distinguish Lejitoteichus from

Sagartiomorphe are not very striking wlien reduced to
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a bare definition. The most definite of them are the rudi-

mentary nature of the acontia in Leptoteichus and the

partially mesogloeal character of its radial musculature.

Its tentaculate margin also marks it off at least from
S. carlgreni. But a study of Leptoteichus "in the

flesh " seems to show that it is different in its general make-
up from the small Sagartiomorphe-forms, and in my
belief it merits generic distinction. It is a large deep-water

Antarctic form.

Chondeodactis. Wassilieff, 1908.

Chondractiniida; with base of variable foiin ; it may be adherent,

may clasp a spine, or may form a mud-enclo%ing liollow. Column
typically with tough cartilaginous wall which varies, but may be very

thick ; it may bear rounded or pointed tubercles without veiy regular

ai-rangement as a rule ; there is at least frequently no cuticle ; if there

is any distinction into scapus and capitulum it is not very well marked;

the capitulum may bear irregular ridges : margin tentaculate. Tentacles

never in more than two cycles at the margin of the disc, even in the

adult ; they have thickenings or swellings of mesogloea on the aboral

side at the base ; their longitudinal musculature is ectodermal. Oral

disc simple or bilobed with the two lobes able to fold up against one

another ; its radial musculature meso-ectodermal or ectodermal. Six

pairs of mesenteries or a very few more are perfect, and the retractors

are diffuse or somewhat resti'icted.

Species: C. magna, Wassilieff, 1908.

C. japonica, Wassilieff, 1908.

C. diiplicata, Stephenson, 1918, B, p. 142.

C. coccinea, Stephenson, 1918, B, p. 136.

C. pulchra, Stephenson, 1918, B, p. 139.

C. crassa, Wassilieff, 1908, is of doubtful standing since its acontia

have not yet been discovered.

Phelliactis, Simon, 1892.

Chondi-actiniidae with smooth body-wall. Size may l)e large and wall

may be vei-y thick. Scapus with a very delicate cuticle. All tentacles

with a thick al>axial swelling. Capitulum naked.

Species : P. hertwigii, Simon, 1892, p. 75.

I am unable to give a full diagnosis of this genus because

I could nowhere obtain a copy of the original description

of it. The details given are taken from Haddon, 1898,

p. 462.
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Family 6. ACTIXOSCTPHIID^,' n. fam.

PARACTiDiE. as used by some authors, pro parte (e. g. Stuckey,

1909, Carlgren. 1901. iIcMurrich,1893, Stephenson, 1918, a ands).

XOT part of the original Paractidse of Hertwig, 1882.

Actmiina. Definite base of variable form ; it may be

concave, enclosing mud, or much reduced, or adherent, or may
clasp a spine. Body-wall variable, usually smooth, sometimes

with small hollow papillte and partially encrusted. No cin-

clides. Tentacles simple or with aboral basal swellings, their

longitudinal musculature ectodermal. Oral disc simple or

undulate or bilobed. Mesenteries not divided into macro-

cnemes and microcnemes. Only six pairs of perfect mesen-

teries, and these may be sterile or may bear gonads as well as

some or all of the others. Retractors usually diffuse, rarely

circumscribed on the primary mesenteries, Xo acontia.

Well-developed or weak mesogloeal sphincter.

Genera : Actinoscyphia, Paeanthus, Isopaeactis. ? Lilliella.

AcTiNOSCYPHiA, n. nom. (See Text-fig. 31.)

ACTIXERNUS, Yerrill, 1879, pro parte.

AcTiNERNUS. as used by McMurrich, 1893. for A. plebeius.

Actinoscyphiidre with pedal disc of variable extent. It may be

adherent, or may be so reduced as to be almost absent ; it may be

concave, secreting a cuticle and enclosing mud, or may embrace a

cylindrical object. Column-wall smooth, sometimes so thick that it

forms a jelly-like coating to the body (see Text-fig. 31), so that the

general appearance may resemble that of a Scyphozoan. Tentacles

in the adult arranged in two cycles only at the margin of the oral disc,

and provided with aboi'al basal swellings of mesoglcea, which, at least in

the case of the outer cycle, are continuous vnth the body-margin.

• If it should be thought that this (or indeed any other) family

contains forms too widely different from each other as regards general

external form and appearance, a study of the genera Actinoscyphia,
Actinernus (Porponia), and Polysiphonia will help to sliow how
veiy misleading externals ai-e when it is a case of finding out relationships.

These three genera are curiously similar superficially, but anatomically

are so different that they belong to thi-ee different families—Actino-

scyphiidffi, Endocoilactidai and Paractidse—and seem quite unrelated to

one another. Possibly the deep water habitat accounts for the similarity

to some extent. (See p. 488 et seq.)
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Longitudinal miisculature of tentacles and radial musculature of oral
disc entirely ectodermal. Oral disc wide, undulate, or lobed. sometimes
bilobed. The six pairs of perfect mesenteries are sterile and have
weak diffuse retractors. The animals may attain large size.

Species
: Genotype, A. saginata, YenilL Amer. Journ. Sci.,3. xxiii,

no. 4. p. 225. (See Stephenson, 1918, B, pp. 127-131.)

Text-fig. 31.

--6v

Actinoscyphia aurelia vertically divided, one half of the
specimen, showing anatomy. «. Actinopharynx. h.w. Body-
wall, mes. Mesentery, o.d. Oral disc. p.d. Pedal disc. si.

Actinopharyngeal groove, sph. Sphincter, t. Tentacle.

A. plebeia, McMunich, 1893, p. 166.

A. aurelia, Stephenson, 1918, B. p. 131. (See Text-fig. 31.)

In a paper on some Iri.sh Actiniaria (80), publislied in 1918,

I, defined the genus Actinernus, Verrill, practically as

above, pointing out at the same time that the name might
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have to be changed if it should prove that the type-species

of Verrill's genus (A. nobilis) was a Porponia. In a

paper also published in 1918, but which I did not see till

my paper was printed, Carlgren has shown that A. nobilis

is indeed a Porponia, so that the name Actinernus must

belong to A. nobilis and other species like it, and Por-
ponia becomes a synonym of it. But Actinernus (=
Porponia) is quite unrelated to the three forms whose

specific names are saginatus, plebeius and aurelia,

belonging, in fact, to the Endocoelactida?. A new name is

therefore required for the genus which is to contain the

three last species, and I suggest Actinoscyphia. The
name refers to the cup-like form of body often found in

the genus.

Paeanthus. Andres. 18-S3. p. 472.

Actinoscyphiida? with definite J^ase. Column smooth : capitular

ridges may occur : margin indistinct. Tentacles simple, in more than

two cycles in the adult, their longitudinal musculature ectodermal.

Oi"al disc simple. Six pairs of perfect mesenteries which may or may
not be fertile and which bear diffuse reti-actors.

Species: Genotype P. chromatoderus. Sclun.. Is52. p. 1.5. (See

Maguire, 1898.)

P. lineolatus. McMutTich. 1893 (= A. liueolata r. Couthouy

in Dana, 1846). (See IMciTurnch, 1893, p. 162. and McMiu-rich.

1904.)

r P. nivea. Lesson. (See McMumch, 1904.)

I refer the species lineolatus with some hesitation to

this genus. I am not acquainted with actual specimens of it,

but cannot find any very valid reason for excluding it. More
study of the species, however, is desirable. But whether it

belongs to Paranthus or not, it should be placed in the

family Actinoscyphiidfe and removed from the genera

Paractis and Pycnanthus, in both of which it has been

placed at different times. Its "capitular ridges'' are a

character of little value as an indication of relationship

(see p. 512), and its six pairs of perfect mesenteries only

and its ectodermal longitudinal tentacular musculature quite

remove it from Paractis and Pvcnanthus, which have
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ininierous perfect mesenteries and mesogloeal longitudinal

tentacular muscles.

The other species referred with a query to the genus,

P. nivea, must similarly be removed from Paractis because

of its ectodermal longitudinal tentacle-muscles, but it is not

quite certain whether six pairs of mesenteries or more are

perfect ; if six, then the species must apparently be reckoned

as a Paranthus; if numerous pairs, it probably belongs to

Parantheoides, unless other differences should be demon-
strated which will form for it a new genus near one of those

just mentioned.

ISOPARACTIS, n. uom.

Paractis, as used by Stnekey. 1909, p. 387, and 1913, jx 132, pro
parte.

Actinoscyphiida3 with definite l)ase. Smooth body-wall. Tentacles

simple, in more than two cycles in the adult, their longitudinal muscula-

ture ectodermal. Oral disc simple. Six pairs of perfect mesenteries

which bear strong circumscribed retractors and are mostly fertile.

The other mesenteries are ieehly developed, but are fertile.

Species : I. ferax, Stuckey, 1909, p. 387; 1913, p. 132.

The only hitherto recorded species of this genus was

originally described by Stuckey (1909, p. 387; 1913, p. 132

—corrections of first description in this second paper) as

Paractis ferax. In re-defining the genera it has been

unavoidable to remove it from the genus Paractis, and on

the sum of its main features it seems to find its place in this

family. Paractis is a genus the members of which have

numerous perfect mesenteries, mesogloeal longitudinal tentacle-

muscles and diffuse retractors. In I. ferax there are only

six pairs of perfect mesenteries, and these bear strong cir-

cumscribed retractors and the longitudinal tentacular muscu-

lature is ectodermal. I have therefore suggested a new genus,

Isoparactis, for the species ferax.

Lilliella, Stephenson, 1918, a, p. 33.

Actinoscyphiidse (?) witli definite base. Column fee)>ly divided into

scapus and capitulum, wall thick in the only recorded specimen of the

only known species ; scapus with poorly develoj)ed patchy iucrnstation,
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not a true cuticular slieatli. Mesoglcea of scapus contains numerous

lacunae of all shapes and sizes ; some of these are so large and so near

the surface that they form externally visiVde hollow paj)illa3. Tentacles

simple, probably in more than two cycles in the adult, their longitudinal

musculature probably ectodermal. Oral disc simple. Retractors of the

six pairs of perfect mesenteries probably diffuse.

Species : L. lacunifera, Stephenson. 1918, a, p. 33.

The position of this genus is as yet uncertain because the

only known specimen was too badly preserved to allow of

certainty as to presence or absence of acontia. If the latter

should be discovered it would go to the Chondractiniid^.

Family 7. SAGARTIID^. sensu stricto.

Sagartiad.?:, Gosse, 1858. p. 415. I860, p. 9, pro parte.

Sagartin^, Verrill. 1869. p. 477. pro parte.

SAGARTIN.E. as used by Carlgren, 1893. p. 87.

Sagartiin^. as used by Haddon. 1898, p. 448.

Actiniina. Definite base. Body wall more or less

delicate, without cuticle, pierced by cinclides. Tentacles

simple, their longitudinal musculature typicalh' ectodermal.

Oral disc simple or undulate. Mesenteries not divided into

macrocnemes and microcnemes. Perfect mesenteries more

than six pairs (except in very rare exceptional cases), usually

numerous, the retractors more often diffuse, frequently strong

diffuse. Some at least of the primary mesenteries fertile as

well as others. Acontia present. Sphincter mesogloeal, often

well developed.

Genera: Sagartia. Cereus. Artemidactis.

Gephyra, You Koch, may also come here, and may prove to be

simply a small Sagartia.

Nemactis, M. Edw., may also, possil4y, find a place here.

Sagartia, Gosse, 1855, 1860, p. 25.

Sagartia, Gosse, 1855, pro parte.

Sagartia, Gosse, 1860, excluding " S. parasitica," which is a

Calliactis. and " S. bellis." which is Cereus pedunculatus.
and probably S. (?) CHRYS0SPLENIU3I. Including Cylista. Gosse,

1860. p. 123, and Thoe, Gosse. 1860, p. 12-2.

Sagartiidse with definite base. This is not always used for adherence.
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and the animal may live free for a time or buried in mud or sand.

Column soft and smooth, but for minute corrugations which may dis-

appear on distension, and for suckers which are present in some species

and may be capable of attaching foreign objects to themselves. Margin
tentaculate. Cinclides scattered in certain parts of the body or gene-
rally distributed : they may be endodermal evaginations or ectodermal
invaginations (see pp. 451-455) : both kinds may occur in one animal

:

they are not always actual perfoi-ations, but may be very thin places

definitely organised (see pp. 454-455). Tentacles simple, not especially

numerous, in more than two cycles in the adult, their longitudinal mus-
culature ectodermal ; their an-angement may be hexamerous, penta-

merous, heptamerous, octamerous or irregular. Oral disc not lobed.

though it may be rather undulate in some specimens of a species at certain

times, and not widely expanded, though it may be broad and somewhat
exceeding the middle i^art of the column ; its radial musculature ecto-

dermal. Gonads appear on mesenteries of the first cycle as well as

others. Xumber of perfect mesenteries variable: twelve paii-s or more
typically, but sometimes fewer ; their arrangement may l>e hexamerous.

pentamerous. hej^tamerous, octamerous or in-egular. Retractors vary

from weak diffuse to powerful diffuse or even somewhat circumscriljed-

Species : Genotype, S. miniata, Gosse, 1853. p. 127 : 1860. p. 41. (See

this paper, p. 439.)

S. venusta, Gosse, and S. xivea. Gosse. are near relations.

S. viduata and S. undata. Miiller, are described anatomically by

Carlgren.1893.

Species numerous.

Sagartia is a genus needing special study in itself. A
large number of forms have been assigned to it, but the

anatomy of some of them is insufficiently known. It is quite

likely that when more is known of some of these they will

be removed from the genus and placed in one of the genera

of the Choriactidae or Chondractiniida?. It is quite possible,

for instance, to have a form externally like Sagartia, but

differing anatomically by having no cinclides or by having

a different arrangement of mesenteries. It is also possible

that Sagartia itself, when adventitious forms have beei'

removed from it, may need subdivision, but at present we

hardly know enough about the structure of cinclides and

retractor muscles, and so on, in the genus to make any change.

It is seen, however (see p. 455), that two different kinds of
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cinclides may occur in one and the same specimen of a

species. I have not accepted the subdivision of the genus

sometimes made into Sagartia, Thoe and Cylista, because

intimate acquaintance with living representatives of all three

has convinced me that it would be unwise to do so unless

marked anatomical differences should subsequently turn up.

Carlgren (1893^ p. 88) has already ranked them as synonyms

of Sagartia.

Cereus, Oken, 1815, p. 349.

Heliactis, Thompson, 1858 (P. Z. S., xxvi, p. 145. and A. M. N. H.

(3), ii, p. 229).

ScYPHiA, Gosse, 1860, p. 123.

Sagartiidse with definite base. Column soft and smooth but for minor

corrugations, with suckers capable of attaching foreign bodies to them-

selves. Cinclides scattered. Margin tentacnlate. Tentacles simple,

numerous, in more than two cycles in the adult. Oral disc variable in

form, but capable of widely exceeding the rest of the body; the lower

part of the column is sometimes elongate and stem -like (though by no

means always), and the upper part expands to meet the edge of the disc
;

the latter may be flat and circular or vase-like or undulate, but not

permanently lobed. Gonads appear on primary as well as other

mesenteries, and ova and spermatozoa may occur in one and the same

mesentery at the same level. Retractors well developed, diffuse.

Species: The above definition applies to the genotype, C. peduncu-
latus, Pennant, ' Br. Zool.,' iv, 102. See also Gosse, 1860, p. 27, and

Haddon, 1889, p. 302, and 1898, p. 451. (Synonym, Sagartia bellis,

Ellis, ' Zooph.' 2, Gosse, 1860, p. 27.)

AuTEMiDACTis, Stephenson, 1918, a, p. 40.

Sagartiidffi with definite base. Wall smooth for the most part, delicate

for the size of the animal (which may be large), sometimes with slight

and inconspicuous nodulations near the nuirgin. Column cylindrical

below, but widely expanded above so that the oral disc greatly exceeds

the colunui, though it is not lobed. No definite verructe or collar, but

the margin is more or less distinct and may form a distinct parapet.

Cinclides irregularly distributed. Tentacles simple, numerous, in several

cycles in the adult, their longitudinal musculature ectodermal. Mus-

culature of mesenteries weak and foruiiug no distinct retractors ; its

processes, in the one recorded species, thick and lobe-like. Mesenteries

of all cycles bear gonads. In the recorded species the mesenterial

filament of each mesentery is confined to a certain definite area, variable
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in position according to cycle, above and below which the edge of the

mesentery is quite free, except in the case of the numerous perfect

mesenteries, where part of it may l;>e attached to the actinopharynx.

Species: A. victrix. Stejpheusou, 1918, A. p. 41.

This genus is not altogether dissimilar from Sagartia and
Cere us, but the aggregation of small differences makes it a

very distinct form, easily recognised. In its expanded disc

it resembles Cere us, but in its feeble mesenterial musculature

is quite unlike it. Its body-margin is also more distinct than

in either of the other tAvo genera, and may form a distinct

parapet—perhaps would always do so in life. It is a large

animal living in deep water. The distribution of its mesen-

terial filaments, though not confined to this genus, is curious.

Family 8. CHORIACTID^. n. fam.

Sagartin^ as used by McMurrich, 1904. pro j)arte.

Metridii:^.!: as used by Haddon, 1898. pro parte.

Actiniina. Definite base. Body-wall may be somewhat

cartilaginous, may be smooth or tubercled but lacks cinclides;

cuticle present or absent. Tentacles simple, their longitudinal

musculature typically ectodermal. Oral disc simple, may be

somewhat undulate. Mesenteries not divided into macro-

cnemes and microcnemes. More than six pairs of mesenteries

perfect, usually tAvelve or more pairs perfect. Gonads pro-

bably not borne by primary mesenteries. Retractors diffuse.

Acontia pi'esent. Sphincter mesoglceal.

Genera : Choriactis and probably Mitactis.

Choriactis. McMurrich. 1904.

Choriactidse with definite l)ase. No cuticle. Column may l)e thick-

walled, and may be moi-e or less tuberculated. the tubercles aiuanged as

ridges in the upper part, or there may he simply ridges, and the tubercles

may be almost wanting in small specimens. Margin tentaculate.

Tentacles simple, in more than two cycles in the adult, their longi-

tudinal musculature ectodermal. Oral di.sc not lobed. its radial inu.scu-

lature ectodermal. Retractors diffuse. In the only recorded species

which had developed gonads, these were absent from th6 mesenteries of

the two oldest cycles.
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Species: Genotype. C. impatiens. Couthoxiy iu Dana. 1849,

McMurrich. 1904.

C. crassa, McMuiTieh, 1904. is the only other known species.

MiTACTis, Haddon i Dnerden. 1896. p. 162.

Choriactidfe with definite base. Column smooth, with cuticle.

Tentacles simple, in more than two cycles in the adult. Retractors

diffuse. Oral disc not lobed.

Species: M. australise, Haddou ct Duerdeu. 1896, p. 162.

M. similis, Haddon ^S: Duerden. 1896, p. 163.

This genus is not yet fully described but jDrobably its posi-

tion is here, and I therefore include it tentatively iu the

Choriactidae.

Family 9. PARACTID^. Hertwig. sensu stricto.

PAKACTiD.i;. Hertwig. 1882. p. 41.

ACTINOSTOLID.?: -i- Paeactid-E. pro jiarte. Carlgren. 1893, pp. 64

and 137.

Paractid.!: as used by various authors, pro parte (e.g.

McMurrich, 1893 and 1904; Stuckey, 1909; Stephenson, 1918

A and B).

Including Lipoxemice, Hertwig, 1882, p. 63. pro parte.

Including Sicyoxid^, Heiiwig, 1882, p. 97, as applied to Sicyonis.

Actiniina. A definite but variable base which may be

adherent, may be concave and clasp mud. Body-wall thick

or thin, often cartilaginous, smooth or ridged or tuberculated

or verrucose ; margin tentaculate or well marked, sometimes

provided with a collar. No cinclides. Tentacles simple or

with thickening of the mesogloea of the base or with aboral

basal swellings of mesoglcea ; longitudinal musculature typi-

cally entirely mesogloeal, but may be meso-ectodermal or even

ectodermal, and may be reduced or absent in part of each

tentacle. Oral disc simple or lobed or undulate. Mesenteries

NOT divided into macrocnemes and microcnemes. Perfect

mesenteries more than six pairs, usually numerous. They

may or may not bear gonads, and their retractors, though

rarely circumscribed, are usually diffuse. Xo acontia. Sphinc-

ter mesogloeal, often well developed.
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Oenera: Paractis, Cymbactis, Hormosoma, Alloactis, Antholoba,
Tealidium, Parantheoides. Sicyonis, Actixostola, Catadio-
JiENE, Stomphia, Ophiodiscus, Polysiphonia, and probably

PSEUDOPARACTIS.

Some doubtful genera -which may possibly be included here in the

future are Raphactis, Ven'ill; Archactis, Verrill; Ammophi-
lactis, Verrill ; Paractinia, Andres; Cadosactis, Dan. ; Cya-
thactis, Dan. ; Korenia, Dan.; Aulorchis, Hertw.

It is pos.sible to divide the Paractida3 into three sub-families,

"based on certain curious methods of mesenterial development.

These families are

:

(1) Paractina?: In this sub-family the mesenteries of

one and the same pair are about equally developed, or if any

inequality occurs it is irregularly developed.

(2) Actinostolinse: Here the mesenteries of the youngest

<;ycles are usually unequally developed, one partner in each

pair being larger than the other in such a way that that

partner is always the larger which stands furthest away from

the adjacent mesenterial pair of the next oldest cycle.

(3) Polysiphoniinffi: In this case the twelve oldest pairs

of mesenteries are developed in the ordinary way, but the

rest are peculiarly arranged. In each of the exocoels between

the primary and secondary pairs the younger mesenteries

have a bilateral arrangement, the youngest ones appearing in

the middle of the exocoel. Each of these later pairs consists

of one larger and one smaller partner, and the oldest of the

larger partners are perfect as well as the primary and

secondary mesenteries.

If this arrangement of sub-families be adopted, it is found

that of the genera enumerated above Polysiphonia belongs

to the third sub-family, Actinostola, Catadiomene,

Stomphia and Ophiodiscus to the second, and the other

genera to the first. There is not, so far as I can see, any

objection to these three groups as sub-families, though I do

not think they ought to rank as families. It may be found,

however, when more work has been done on the subject, that

between the Paractinse and Actinostolina? at least it will not
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be possible to draw a hard and fast Hue, the one merging

into the other. This possibility has been suggested to me by

a certain amount of work which I have done in connection

with it, but I have merely the indication, and cannot as yet

speak definitely one Avay or the other. Inequality of mesen-

teries, more or less regularly developed, is not confined to the

Paractidee, however.

Paeactis. Milue-Eclwards, 1857. tome i, p. 248.

Paracticlge (Paractiuse) with definite base. Column smooth, with a

marginal collar ; it may be thin-walled. Tentacles simple, in more than

two cycles in the adult, their longitudinal musculature mesogloeal. Oral

disc simple, its radial musculature mesoglceal. Perfect mesenteries with

diffuse retractors: they may be fertile.

Species: P. papaver, Drayton in Dana. 1846. p. 143. (See Clubb.

1908, p. 3.)

A question which presents considerable difficulty is this :

What is the genus Paractis ? Milne Edwards (1857, tome i,

p. 248) defines it on external characters as follows :

"Les Paractis ont, comme les Actinies proprement dites.

le corps depourvu de verrues et les tentactiles retractiles

;

mais ils sont depourvu de tubercules calicinaux. On voit par

consequent que ce genre est avec les Actinies dans les memes

relations que les Anemonia avec les Comactis. Ses tenta-

cules sont presque eqaux et mediocrement nombreux. Enfin,

le disque calicinal est circulaire."

An anemone eligible for this genus shotild therefore have

smooth body without acrorhagi, a non-lobed disc, and re-

tractile tentacles not exceptionally numerous. This descrip-

tion, however, would apply equally to different forms, not

related to each other, and with quite different anatomy—e.g.

to Epiactis and Stomphia. Since the definition does not

indicate anatomy, the only way of getting at a more precise

one is by referring to the actual species included by Mihje-

Edwards in the genus. The first four species which he

mentions, in his order, are P. impatiens, P. monilifera,

1'. lineolata, P. papaver. P. impatiens has been anato-

mically described by McMurrich (1904) who found that it
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had acontia. Milne-Edwards can hardly have intended to

include acontia-possessing forms in his genus, or he would not

have excluded it from his Actinines perforees, so McMurrich

removed P. impatiens from it and called it Choriactis

(see p. 547). P. monilifera seems to have some kind of

marginal tubercles which make its position as a true

Paractis untenable, and as far as I know its anatomy is

undescribed. As to P. lineolata and P. papaver, both

have been anatomically described, and either would serve as

a genotype, but the two are quite different, and it is a case of

choosing the right one.

Meanwhile Hertwig (1882, p. 41) set up a family Parac-

tidas, defined as possessing a mesoglceal sphincter and

numerous perfect mesenteries. It is distinguished from any

Sagartids, of course, by lack of acontia and cinclides.

Of the two species lineolata and pap aver, the second

would come within the scope of Hertwig's family, the

first Avould not, nor Avould it come within the Paractidas as

defined in this paper. It seems therefore the best policy to

adopt P. papaver as the genotype, since it would cause

great confusion and readjustment of names to alter the sense

of Hertwig's family now. I have therefore di-awn up my
definition of Paractis to fit P. papaver, the anatomy of

which was described by Clubb, 1908, p. 3. It may need a

little modification for the inclusion of other species in the

future, but should not be much widened. The possession of

mesoglceal longitudinal tentacular musculature and of a

collar, in addition to its numerous perfect mesenteries, are

very definite features. The collar is certainly a feature

absent from Milne-Edwards' definition, but it does not in any

way contradict the sense of his genus ; and since one is bound

to define the genus on the basis of one of the orginally included

species, P. papaver clearly fulfils the requirements better

than either of the three mentioned before it. It seems best

also to select the first suitable species named in order by the

author of a genus, if the actual first one or more are ineligible.

The acceptance of P. papaver as tiie genotype of Paractis
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will necessitate the removal from the genus of a number of

other species Avhicli have been assigned to it from time to

time before its boundaries were strictly enough limited, and

which neither agree w^ith each other or with P. papaver.
This should really be an advantage, and tend to better

represent the true relationships of the forms in question.

Firstly, P. excavata, which is too aberrant a form as regards

its tentacles to have ever been placed in Par act is, goes to

Alloactis. P. lineolata and P. nivea probably find their

place in P a r a n t h u s . P . t e n u i c o 11 i s requires a ncAv genus

(see Pseudoparactis). P. ignota is a Parantheoides
and P. polaris apparently a Cymbactis. P. ferax goes

to Isoparactis. Further notes regarding these species Avill

be found under the genera mentioned. Other species assigned

to Paractis, the anatomy of which is not yet known, await

definite allocation.

An interesting form has been described by Stnckey (84) as

Paractis fleuri. He does not describe the position of the

longitudinal tentacular muscles, so that the form is hard to

allocate. I do not think it comes under Paractis as here

understood. Its sphincter is most remarkable—mesogloeal,

but strongly circumscribed. Whether it Avill be the repre-

sentative of a new genus, or whether it will fit into one of

those here defined, I leave an open question for the present,

pending further knowledge.

Cymbactis, McMurrich, 1893. p. 174.

Pycnanthus, McMuiTich, 1893, p. 172.

Paractis as used by Chibb, 1908, p. 3. pro parte.

Pai'actidse (Pai-actinse) with definite base, which may l)e adherent or

may form a mud-clasping cup. Column smooth but for capitular ridges

in some cases ; margin teutaculate and without a collar ; wall variable,

but may be very thick. Tentacles in more than two cycles in the adult,

simple or somewhat thickened at the base, their longitudinal musculature

mesogloeal. Oral disc simple, its radial musculature mesoglceal. Re-

tractors diffuse. Older mesenteries may be fertile or sterile.

Species: Genotype, C. fseculenta, McMurrich, 1893. p. 174.

Other species: C. maliformis, McMurrich. 1893. p. 172.
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C. actinostoloides. Wassilieff. 1908.

C. maxima, "Wassilieff, 1908.

C. polaris, Clubb, 1908. p. 3.

C. gossei, Stephenson, 1918. b. p. 123.

Text-fig. 32.
McMurrich established a sep-

arate genus, Pycnanthus, foi-

C. malif ormis, Tvhicli differed

from Cymbactis as originally

defined by possessing capitular

ridges. As 1 have endeavom-ed

to show above (p. 512) the deve-

lopment of these ridges is too

variable to form a good generic

character, and the genera are

here fused.

C. orossei has irres'ular ridc^es

in contraction "svhich "svould prob-

ably disappear on expansion. C

.

polaris was originally assigned

to Paractis by Clubb, but the

revision of that genus as above

makes its transference necessary,

since it possesses no collar. The

thickened tentacle-bases in C

.

gossei are not quite like the

ordinary aboreal basal swellings

found in some genera. Although

the thickening may be least marked

on the oral side, it ofenerallv affects ,, , ^ xr .' ^ - Mesentery ot Hoi
the basal part of the tentacle all

round, at least to some extent,

and hardly seems definite enough

to require the generic sepai*ation

of C. gossei. At any rate I

leave it for the present.

HORMOSOMA, Stephenson. 1918. a. p. 29. (See Text-fig. 32.)

Paractidse (Paractinae) with definite base. Bodj-wall smooth <and in

in o.SOU! a

scotti. 6.e». Body-wall endo-
devni. e.c.m. Endodermal
circular musculatm-e. en.

Endoderm. g. Gonad, l.m.

Lon;^itudinal musculature. »«.

Mesogloea. m.j). Mesogloeal

processes for muscle. pb.m.

Parietobasilar muscle.



554 T. A. STEPHEXSOX.

the oulj recorded species thick), without verrucse or ridges, hut with

a j)rominent marginal collar which laps back over the column in ex-

pansion. Tentacles simj)le, in more than two cycles in the adult, their

longitudinal musculature mesoglceal. Oral disc simple, its radial

musculature mesoglceal. Mesenteries of all cycles fertile. The larger

mesenteries with more or less circumscribed retractors, and in the only

recorded species with curious ridges also, which support musculature

(Text-fig. 32).

Species: H. scotti, Stephenson, 1918, a, p. 29 (see Text-fig. 32).

Alloactis, Verrill, 1899. p. 206.

Pakactis as used by Hertwig for P. excavata (1882, p. 41).

Paractidse (Paractinse) with definite base. Wall smooth, may be

longitudinally furrowed, margin tentaculate, no collar. Tentacles of

the adult in two cycles only, their longitudinal musculature reduced on

the aboral side, probably even absent at the base, chiefly mesoglceal.

Oral disc simple, its radial musculature principally mesoglceal. Mesen-

teries of all cycles fertile.

Species: A. excavata, Hertwig, 1882, p. 41.

Hertwig described the anemone above diagnosed as

Paractis excavata. Later on Verrill (1899) showed that

it was hardly correct to assign a somewhat curious form like

this to the genus Paractis, which was meant for plain

forms; he suggested for it a new genus, Alloactis, which I

have here adopted. The peculiar constitution of the ten-

tacles and their ai'rangement in two cycles only in the adult

and its lack of a collar cut it off from Paractis as

represented b}' P. pap aver (see above).

AxTHOLOBA, Hertwig, 1882, p. 53.

Metridium, Milne-Edwards, Hist, des corull., tome i. p. 252. pro
parte.

Paractidse (Paractime) with definite base. Wall smooth but for

reticulations which may be present, margin unspecialised. Tentacles

in more than two cycles in the adult, simple, very numerous, their

longitudinal musculature (ectodermal to) mesoglceal. Oral disc lobed,

its radial musculature chiefly mesoglceal. At least twenty-four pairs

of perfect niesentei-ies, the primaries and some others sterile, the

retractors diffuse, hardly specialised. Sphincter very long.

Species: Genotype, A. reticulata. Couthouy in Dana, 1846, p. 1 U.
(= A. achates, Drayton, 1846.)
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Tealidium, Hei-twig, 1882, p. 51.

Paractidse (Pai-actinse) with definite base. Column with papilla; or

with vertical rows of veritica? which may attack foreign bodies; with a

circular swelling just below the crown of tentacles, in expansion at least.

Tentacles simple, in more than two cycles exce^jt in small specimens,

their longitudinal musculature ectodermal. Oral disc simple, its i-adial

musculature ectodermal. Mesenteries all pei-fect and mesenteries of all

cycles fei'tile except sometimes the directives.

Species: T. cingulatum, Hertwig, 1882, p. 51 (genotyijej.

T. ciuctum, Stuckey, 1909. p. 389.

Further knowledge of this genus may perhaps result in its

division into two genera, distinguished by structure and

arrangement of the papilla or verructe. I have included the

statement that the tentacles ai-e in more than two cycles

except in small specimens, because in T. ciuctum, which is of

medium size, the tentacles ai'e apparently in four cycles ; and

it seems very probable that therea.'^on why there are only two

cycles in T. cingulatum is that it is very small. It does

not seem to be one of those cases (see p. 514) in which the

tentacles never arrange themselves in more than two cycles

however large the animal may grow.

Parantheoides, Carlgren, 1S99, p. 28.

Paractis as used by McMurrich, 190-i, pro parte.

Dysactis as used by Hertwig, 1882, p. 44, pro parte.

Paractid* (Paractina:-) with definite Ijase. Column smooth, margin

indistinct. Tentacles simple, in more than two cycles in the adult,

their longitudinal musculature ectodermal. Oral disc simple, its radial

musculature ectodermal. The primary mesenteries may l)e fertile.

Retractoi-s diffuse, at least in P. ignota.

Species: Genotype, P. crassa, Carlgren, 1899. p. 28.

Others: P. ignota, McMurrich, 19o4.

P. rhodora, Couthouy in Dana, 1846, p. 148. (See Hertwig, 1882.

p. 49.)

Carlgren founded this genus for P. crassa, but there

seems no doubt that the other species mentioned should also

be included. P. ignota was assigned by McMurrich (1904)

to Paractis, but it differs from that genus as now limited

(p. 550) by having the longitudinal tentacular nnisculature
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ectodermal instead of mesog'loeal. P. rho dor a Avas included

in Dvsactis by Hertwig, but as McMurrich (1893, p. 169)

showed, the genus Dysactis Avas probably erected for

anemones with acontia, and therefore could not be used for

Hertwig's species. Of the two species referred by HertAvig to

the genus, one has been shown to be an Actinostola

(McMurrich, 1893, pp. 169 and 209), aud the other is

rhodora, Avhich may fairly be included in Parantheoides.

SiCYONis. Hevtwig, 1882, p. 98.

Paractidse (Paractma?) with definite base. Column smooth ; may be

fairly thick ; margin tentaculate. Tentacles in two cycles only in the

adnlt. oetamerously arranged, thickened all round at their bases, their

longitudinal musculature mesogloeal. Each tentacle consists of a

thickened proximal part with longitudinal miisculature in its mesoglcea,

and a thinner distal rim without longitudinal musculature and with an

unusually large terminal opening ; the longitudinal musculature,

furthermoi-e. is reduced on the aboral side of each tentacle. Oral disc

simple, its radial musculature mesoglceal. In the only recorded species

there are sixteen pairs of perfect mesenteries, and these are sterile and
muscular, their retractors diffuse. Only the mesenteries of the last

cycle bear gonads, and these are feebly muscular.

Species: S. crassa. Hertwig. 1882, p. 98.

S. elongata, Hertwig, 1S8S. p. 33.

There does not seem to be any very valid reason why tliis

genus should not rank as a Paractid, judging by HertAvig's

account of its anatomy. The tribe in AAdiich HertAA'ig- placed

it (Paractinite) has been discarded, and the genus exhibits

the essential Paractid features. The curious structure and
AA'ide terminal openings of the oetamerously arranged tentacles,

and their limitation to tAA^o cycles only, although there are four

cycles of mesenteries, distinguish it from Cymbactis,
though some features of the tentacle-structure remind one of

C. gossei. The large terminal openings of the tentacles

do not seem to be a feature of any great importance, and it is

difficult to know how far they may be due to state and
method of preserA'ation.

PSEUDOPARACTIS. U. UOUl.

Paractida? (Paractin*) (?) with definite base. Column divided into

a thinner upper part or capitulum Avhich is smooth, and a thicker
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lower part or scapiis wliicli may Ijear longitudinal ridges which may
terminate rather abruptly above. Margin teutaculate, tentacles prob-

ably in more than two cycles in the adnlt. There is a weak sphincter

in the capitulum, and apparently a second sphincter in the iipper part

of the scapus. Longitudinal musculature of tentacles ectodermal.

Retractors diffuse.

Species: P. tenuicollis, McMurrich, 1904, p. 243.

It seems that the species described by McMurrich as

Pai'actis tenuicollis (1904, p. 243) requires generic

separation on account of the division of its body into scapus

and capitulum, and the possession, apparently, of two

sphincters, both mesogloeal. It is quite distinct from

Paractis, both in this respect and in its ectodermal longi-

tudinal tentacular muscle and lack of a collar. Unfortunately

there is no statement made with regard to the number of its

perfect mesenteries, so that whether it should be included

here or in the Actinoscyphiidfe is uncertain.

AcTiNOSTOLA, Yerrill, 1883.

Paractidae (Actinostolinse) with definite base, which may be adherent

or may form a mud-enclosing hollow. Wall smooth or wrinkled or

more or less tuberculated ; it may be ver}- thick ; margin teutaculate.

Tentacles in more than two cycles in the adult, hexamerously arranged,

often short and stumpy, simple, their longitudinal musculature

mesoglceal. Oral disc simple or somewhat undulate but not actually

lobed, its radial musculature mesogloeal. Primary mesenteries at least

sterile. Mesenteries hexamerous. Retractors diffuse. In the youngest

cycles the mesenteries of each pair are unequally develoijed in such

a way that the partner furthest away from tlie adjacent mesenterial

pair of the next oldest cycle is the larger.

Species: Genotype, A. callosa, Yerrill. 1882. pp. 221. 31.5. (See

Carlgren, 1893. p. 71 ; McMun-ich, 1893, p. 167.)

Others are: A. abyssorum (Dan.?). Carlgren. 1803. p. 66.

(PBunodes abyssorum. Dan.).

A. excelsa. McMurrich. 1893, p. 170.

A. pergamentacea, McMurrich, 1893. p. 171.

A. spetzbergensis. Carlgren, 1893, p. 76.

A. chilensis, McMurrich, 1904, p. 247. (See Clubb. 190^?. p. 4.)

A. sibirica, Carlgren, 1901.

A. walteri, Kwietniewski, 1898.

A. crassicornis. Hertwig, 1882, p. 44.

PA. grcenlandica. Carlgren, 1899.
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Catadiomene, n. uom.

AcTiNOSTOLA as used by Carlgren, 1899. Wassilieff, 1908, and

Stephenson, 1918. B, pro parte.

Paractidse (Actinostolinsi) with definite Lase. Column wrinkled or

more or less tuberculated or irregularly ridged ; it may be very thick-

walled; margin tentaculate. Tentacles in more than two cycles in

the adult, hexamerously arranged, with swellings of the mesoglcea on

the aboral side at the base ; they may be short and stumpy and their

longitudinal musculature is mesoglceal. Oral disc simple or luidiilate

but not lobed, its radial musculature mesoglceal. Primar}' mesenteries

at least sterile. Retractors diffuse. In the youngest cycles the

mesenteries of each pair are \mequally developed in such a way that

the partner fui'thest away from the adjacent mesenterial pair of the

next oldest cycle is the larger.

Species: C. atrostoma, Stephenson, 1918, B. p. 118.

C. carlgreni, Wassilieff, 1908.

C. intermedia. Carlgren. 1899.

It lias .seemed necessary to establish a new g-enus for those

forms hitherto included in Actinostola, which differ from

the typical forms in that genus by possessing basal swellings

to their tentacles. Actinauge and Hormathia and other

genera are mainly distinguished from each other in a similar

way. The possession of the basal swellings is an apparently

stable and well-marked featui'e and a very convenient generic

distinction (see p. 516).

Stomphia, Gosse, Ann. Nat. Hist. 3, iii, 48, I860, p. 221.

ParactidaB (Actinostolins) with definite base. Body-wall smooth and

with tentaculate margin, but varying in thickness : it may be quite

thin or quite thick or intennediate. Tentacles simple, in more than two

cycles in the adult ; their longitudinal musculature is mesoglceal, but

there may be an ectodermal muscle-fringe as well as, and quite distinct

from, the true mesoglceal musculatiu*e. Oral disc simple, its i-adial

musculatui-e mesoglceal. Tentacles and mesenteries frequently an-anged

octamerously (16-16-32). Perfect mesenteries sterile. Retractors well

developed, diffuse. In the youngest cycle or cycles the mesenteries of

one and the same pair are unequally developed in such a way that the

partner furthest away from the adjacent mesenterial pair of the next

oldest cycle is the larger.

Species: Genotype, S. churchise, Gosse, Ann. Xat. Hist., 3, iii, 48.

(See Gosse, 1860, p. 222. Carlgren. 1893, p. 8U, Stephenson, 1918, B,

p. 126.)
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Others: S. selaginella. Steplienson. 1918, a. p. 36.

:- PS. vinosa, McMurrich, 1893. p. 163.

I first described in 1918 (a, p. 36j a new Antarctic anemone
under the name Cymbacti.s selaginella, one of my chief

reasons for referring it to Cymbactis being its thick body-

wall. But more recently I have been convinced (see p. 513)

that there are too many grades of thickness in body-walls for

this to be a valid feature for distinguishing genera. Since

describing selaginella, also, I have had an opportunit}'

of studying the type-species of this genus (S. churchias),

and was surprised to find a striking similarity in structure

between the two, which is sufficiently marked to make it

evident that they belong to the same genus. My sections

of S. selaginella show indications that the youngest

mesenteries probably conform to the Actinostolina? rule.

They have in common certain features of general facies

(when preserved) ; both have tentacles which can be short

and thick and are generally arranged in three cycles on the

16-16-32 plan. There are sixteen pairs of perfect sterile

mesenteries in both, and a comparative study of the mesen-

terial, tentacular and sphincter muscles reveals a good deal

of similarity, though at the same time there is quite enough

difference for specific distinction all the way through.

While referring to Stomphia I must correct an error into

which I fell with regard to S. churchias in my 1918 b paper,

p. 127. I there stated that after careful investigation of two

animals I could not satisfy myself that the Actinostola-rule

was carried out with any definiteness in Stomphia, although

it held good for some sectors of the animal. I have had

occasion to deal further with Stomphia since then, and

sections of two whole individuals have proved that I was

wrong and that the rule is indeed carried out almost exactly.

I was misled before by relying too much on dissection.

I include very tentatively Paractis vinosa, McMurrich,

as a possible Stomphia. It has the mesogioeal disc and

tentacle-muscles and sixteen pairs of perfect sterile mesen-

teries, but on the other hand we do not know whether its



560 T. A. STEPHENSON.

small mesenteries conform to the Stoniphia-rule, and its

mesenterial musculature does not seem mucli like that of the

other two.

Ophiodiscus, Hertwig, 1882, p. 56,

PavactidEe (Actinostolinse) with definite base. Column smooth, margin

teutaculate. Tentacles simple, in a single corona, their longitudinal

musculature mesoglceal and confined to the inner or adoral face of

each tentacle. Oral disc simple, its radial musculature mesoglceal.

The larger mesenteries are sterile and possess slightly developed

musculature and the gonads are borne on the small unmuscular

mesenteries of the youngest cycle. These young mesenteries are also

unequally developed, in such a way that in each pair the partner

furthest away from the adjacent mesenterial pair of the next oldest

cycle is the larger.

Species: O. annulatiis, Hertwig, 1882, p. 57.

O. sulcatus, Hertwig, 1882. p. 61.

I have restored the genus Ophiodiscus to the position in

the Paractidte originally assigned to it by Hertwig, because

there does not seem to me to be adequate ground for

placing it elsewhere. McMurrich has placed it in the

Dendromeliidee on the strength of a pseudo-tentacle which was

supposed to have been connected with it—the possession of

pseudo-tentacles being a diagnostic character of that family.

But I submit that there is no definite evidence that

Ophiodiscus has any pseudo-tentacles, even though it cannot

be actually stated that it has not. Hertwig says that there

was one " pseudo-tentacle " enveloped in the same piece of

cloth as /oT<r specimens of Ophiodiscus. In the first place

this does not imply any connection between the pseudo-

tentacle and the anemones. If I may mention an instance from

my own experience, in a collection of anemones which I

described, one bottle containing anemones had in it also a

tine branched body which at first sight looked like a branched

tentacle, but which on sectionising proved to be an Alcyona-

rian. My point is that there may have been no more connec-

tion between the Op hio disci and the pseudo-tentacle

than there was between my anemones and Alcyonarian.

Again, there would surely have been more than one pseudo-
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tentacle among four Opliiodisci if it had really belonged to

them, and Hertwig expresses his inabilitj- to find any pseudo-

tentacle remains 07i the anemones. Another point is that the

pseudo-tentacle in question had circularly arranged muscle-

fibres in its ectoderm, and longitudinal fibres, also apparently

muscular, in its endoderm. This arrangement is very difficult

to account for if the pseudo-tentacle were an outgrowth

of an anemone, in which case, according to ordinary rules,

the endoderm should possess circular muscle and the ecto-

derm either no muscle-fibres or longitudinal ones. In

Lebrunia danae, which has genuine pseudo-tentacles, the

endodermal musculature of the latter is, indeed, as one would
expect, part of the endodermal circular muscle of the body-

wall and its fibres run circularly.^

On these grounds I am inclined to think that the stray

" pseudo-tentacle " had nothing to do with the Opliiodisci.

But be this as it may—and nothing but fresh and sufficiently

well-preserved material can finally settle it—on its other

characters Ophiodiscus is a Paractid, judged by Hertwig's

account. It has pedal disc, numerous perfect mesentei*ies

not divided into macrocnemes and microcnemes, mesogloeal

sphincter, no acontia or cinclides, mesogloeal disc and tentacle

musculatui'e, and even exhibits the tendency, which I have

mentioned elsewhere (p. 492), of the younger mesenteries to

produce the gonads in higher anemones in its extreme form.

It also exhibits an unequal development of the small mesen-

teries similar to that which prevails in Actinostola, Cata-

' This statement is made after consulting Pax, 1910. pp. iJlS-il-t.

But I see that McMnnich, 1889 C Journ. Murph.) describes what seems

to be longitudinal musculature in the endoderm of the pseudo-

tentacles of L. neglecta. He describes no circular fibres in the

ectoderm, however, which I'esembles that of the body-wall but for

the possession in parts of many nematocysts. I do not know how
these conflicting statements can be reconciled, but Pax"s description

is the one in accordance with what one would expect on general

grounds of anemone anatomy, and it is not impossible that the

curiously made-ui) musculature described by McMuiiich is an abnor-

mality of that particular specimen.
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diomeneand Stomphia. The absence of musculature on the

aboral faces of the tentacles is a feature possibly foreshadoAved

by other Paractids in which the musculature is somewhat

reduced on the outer sides of the tentacle-bases. So it seems

that one must include Ophiodiscus in the Paractidte unless

definite evidence of pseudo-tentacles should come to hand, and

even then that character alone might not be weighty enough,

as against the sum of the other characters, to place it in a

separate family. Certainly it could not go to the Dendro-

meliida?.

PoLYSiPHONiA. Hertwig, 1882, p. 63.

Paractidee (Polysipliouiina^) witli definite base. Column smooth or

somewhat nodnlar (and in tlie only known species tliick-walled and

vase-shaped), its margin tentaculate. All the tentacles have mesoglceal

swellings on the outer side at the base, and their longitudinal muscu-

lature, like the radial musculature of the oral disc, is mesoglceal. The

oral disc is twelve-lobed though the lobes are not very deep, and the

tentacles are placed at its margin in two cycles only, the number of

cycles not increasing as the animal grows. The tentacles are arranged

in twelve triangular groups in connection with the lobing of the disc,

the twelve groups being continuous with one another. The twelve

tentacles representing the primary and secondary endoccels are the

largest and are placed at the points of the twelve triangles nearest

the moiith, i.e. in the depressions between the disc-lobes. The other

tentacles decrease in size towards the apices of the disc-lobes. The

outer-cycle tentacles represent the exocoels, the inner-cycle tentacles

the endoccels. The twelve oldest pairs of mesenteries are perfect and

ari-anged in the ordinary way found in Actiniaria. and include two

pairs of directives, but the other mesenteries are peculiarly arranged.

In each of the exoccels between the primary and secondary pairs the

younger mesenteries have a bilateral arrangement, the youngest ones

appearing in the middle of the exoccel. Each of these later pairs

consists of one larger and one smaller partner, and the oldest of the

larger partners are perfect as well as the primary and secondary

mesenteries. The primary and secondary mesenteries probaljlj' sterile,

the oldest of the others fertile.

Species: P. tuberosa, Hertwig, 1882. p. 63. (See Carlgren, 1918,

pp. 13, 36, etc.)

In 1893 McMurrich (pp. 165, 209) included Polysi-

phonia in the genus Actinernus, relying apparently on



ox THE CLASSIFICATION OF ACTIXIARIA. 563

the external similarity between tlie two. Carlgren (1918)

has shown that there is no ground for fusing the two genera.

The genus Actinernus as originally founded b}- Yerrill has

been broken up into two quite unrelated genera on anatomical

grounds. The first of these is Actinernus pi-oper (=Por-
ponia, Hertwig), and is a member of the Endocoelactidse

;

the second is Actinoscyphia and belongs to the Actinoscy-

phiidae. Polysiphoniaisa Paractid and related to neither

of them. The main differences between the three genera are

as follows : Actinernus has its younger mesenteries de-

veloped in the endoccels of the older ones, and each of these

younger pairs has the longitudinal muscles of its partners

facing away from each other as if they were directives ; in

Actinoscyphia and Polysiphonia the younger mesen-

teries develop in the normal way, i .e . in exocoels, and with the

longitudinal muscles of the partners facing each other. Apart

from this Actinernus has no sphincter and the other two

have a mesogloeal one. Polysiphonia still further differs

from Actinernus in that its discal, radial and longitudinal

tentacular musculature is mesogloeal instead of ectodermal.

Actinoscyphia in its turn differs from Polysiphonia by

the possession of only six pairs of perfect mesenteries instead

of a larger number ; by the fact that its younger mesenteries

are normally developed in cycles and do not appear bilaterally

in twelve special regions of growth (see above definition of

Polysiphonia) ; and by having ectodermal instead of meso-

gloeal tentacle-and-disc muscles. It is thus seen that but for

a curious superficial and external resemblance to each other

the three genera are unrelated, and Polysiphonia remains

a good genus. The curious and unusual mode of appearance

of the younger mesenteries in Polysiphonia offers an

interesting parallel to a similar mode of growth exhibited by

certain Endocoelactid^ not related. It is probably accounted

for in both cases (as Carlgren has suggested, 1918, pp. 14-15)

by the facts that the oral disc is lobed and the older tentacles

at least have strong basal swellings of niesogloea, so that

newly-appearing tentacles have no room for normal develop-
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ment and must appear where they can, as the lobes grow,

either between the bases of the lobes (Actinernus) or at

their apices (Polysiphonia). Their appearing in this way

carries with it the appearance of the younger mesenteries in

a bilateral manner in zones related to the disc-lobes. It can

hardly be the other way about (that the mesentery-develop-

ment affects the tentacles), because in Synactinernus and

Isactinernus, although the disc is lobed, the tentacles are

small and have no basal swellings or only weak ones, and the

mesenteries here develop normally in cycles. This explana-

tion helps to elucidate the appearance of similar phenomena

in unrelated forms.

XI. Literature.

1. Alcock, A.—" On some Actiniaria from the Indian Seas," ' Journ.

Asiat. Soc. Bengal,' vol. Ixii, Nat. Sci., 1893, p. 151.

2. Andres, A.—" Le Attinie," ' Mem. R. Accad. Lincei,' Rome, ser. 3,

vol. xiv, 1883, p. 211.

3. " Le Attinie "'
: I ' Fauna u. Flora G. von Neapel,' IX

Monogr., 1884..

4. Annandale, N.—" The Fauna of Brackish Ponds at Port Canning,

Lower Bengal. Part III : An Isolated Race of the Actinian

Metridium schillerianum (Stoliezka)," ' Rec. Ind. Miis.,'

vol. i. Part I, No. 4, p. 47, Calcutta, 1907.

5. " Coelenterates : Fauna of the Chilka Lake," ' Mem. Ind.

Mus.,' vol. V, 1915, p. 65.

6. Appellof, A.—"Ptychodactis patula, n. g. and sp.," ' Bergens

Mus. Aarbog,' No. 4, 1893.

7. "Die Actiniengattungen Fenja, .^gir, und Hal-
campoides, Dan.," 'Bergens Mus. Aarbog," No. xi, 1896.

8. Bourne, G. C.—" Anthozoa," Lankester's ' Treatise on Zoology,

Part II, London, 1900.

9. "A Description of Five New Species of Edwardsia,
Quatr., from New Guinea, with an Account of the Order of

Succession of the Micro-mesenteries and Tentacles in the
Edwardsia'," ' Journ Linn. Soc.,' vol. xxxii, Zool., 1916, p. 513.

10. " On some New Pheliina; from New Guinea," ' Quart. Journ.
Micr. Sci.,' vol. 63, Part 1, 1918, p. 31.



ON THE CLASSIFICATION OF ACTINIARIA. 565

U. Carlgren, O.—" Beitrage zur Keimtniss der Actinien-Gattung
Bolocera, Gosse,"' ' Ofv. K. Yet.-Akad. Forh.,' Xo. 4, 1891.

12. " Studien iiber Xordische Actinien," ' K. Svenska Yet.-

Akad. Handl.,' Bd. xxv, Xo. 10, 1893.

i3. " Zoanthai-ien," ' Evgebn. der Hamburger Magalhaensischen

Sammelreise," Lief, iv, Xo. 1, Hamburg, 1899.

14. ' Uber Pentactinia californica, n. gen., n. sp.," "Ofv.

K. Yet.-Akad. forh.." Xo. 10. 1900.

15. •' Ostafrikanieche Actinien," 'ilitth. Xaturhist. Mus.
Hamburg,' xvii Jahrg., 1900. p. 21.

16. — "Die Brutpflege der Aetiuiarien." 'Biol. Centralb..' Bd. xxi.

1901, p. 468.

17. •• Actiniaria d. Olga-Expedition," • Wiss. Meersuntersuch.

Komm. deutsch. Meere,' Bd. v, Abt. Helgoland, 1902, p. .31.

18. " Anthozoa," Bronn's ' Klassen und Ordnungen d. Tier-

Reichs,' 1908.

19. "Uber Dactylanthus f Cystiactis) antarctieus
(Clubb)/' 'Wiss. Ergebn. Schwed. Siidpolar-Exped. 1901-3,'

Bd. Ti. Lief, v, 1911.

20. "Actiniaria."' " Repoi-t of the Second Xorwegian Arctic

Expedition in the " Fram," 1898-1902,' Xo. 31, p. 3, Kristiania,

1913. published by the Society of Arts and Sciences of

Kristiania.

21. •On the Genus Porponia and Related Genera'': Scottish

Xat. Antarct. Exped. [• Scotia "1, Ti-ans. Roy. Soc. Edin., vol. L.

1913-14.

22. Actiniaria and Zoantharia of the Daumark Expedition,"

• Danmark-Ekspeditionen til GrOnlands Xordpstkyst 1906-1908."

Bind III, Xi-. 19, Sa^rtiyk af "• Meddelelser om Gr0nland.' xliii,

Kjobenhavn. 1916.

23. Die Mesenterienanordnung der Halcuriiden." ' Lunds

Universitets Arsskrift,' N.F.. Avd. 2. Bd. xiv. Xr. 29; ' Kungl.

Fysiografiska Sallskapets Handlingar." n.f.. Bd. xxix. Xr. 29.

1918, p. 3.

24. Clubb. J. A.—"Actiniif." ' Repoi-ts Xat. Antarctic Expedition

19U1-4 ["Discovei7'"]," 'Xat. Hist.." vol. iv. 1908.

25. Danielssen, D. C.— " Actinida of the Xorske Xordhavs-Expedition,

1876-78,' Bd. v, Christiania. 1887.

26. Delage. Y., and Herouard, E.—"Traitc de Zoologie Concrete,"

' Coelenteres." t. 2, 2™^ partie, Paris, 1901.



566 T. A. STEPHENSON.

27. Dixou, G. Y.—••Remarks on Sagartia veuusta and S. iiivea,"~

' Sci. Proc. R. Dublin Soc," vol. vi. p. Ill (read 1888).

28. and A. F.—"Notes on Bunodes thallia, B verrucosa
and Tealia crassicornis." 'Sci. Proc. R. Dublin Soc.,' N.s.^

vol. vi, p. 310 (read 1889).

29. Duerden, J. E.—'' The Actiniaria around Jamaica." ' Journ. Inst.

Jamaica,' vol. ii, 1897, p. 449.

30. " Jamaican Actiniaria." Part I, ' Sci. Trans. R. Dublin Soc.,*

ser. 2. vol. vi, 1898, p. 3-29.

31. "Jamaican Actiniaria," Part II, 'Sci. Trans. R. Dulilin Soc.,'

vol. vii, 1900, p. 133.

32. Farquliar, H.—" Preliminary Account of some New Zealand

Actiniaria," ' Journ. Linn. Soc. Zool.,' vol. xxvi, 1898, p. 527.

33. Faurot, L.
—

" Etudes sur I'anatomie, I'histologie, et le developpe-

ment des Actinies," Lucaze-Dixthiers, ' Arch. Zool. exper.,' ser. 3,

t. 3, 1895, pp. 43-262.

34. " Devel. du pharynx, des couples et des pairs de cloisons

chez les Hexactinies," 'Arch. Zool. Gen. Exper.,' ser. 4, t. 1, 1903,

p. 359.

35. '• Nouvelles recherches sur le devel., etc.." ' Arch. Zool. Gen.

Exper.,' ser. 4, t. 6, 1907, p. 333.

36. " Etude sur les associations entre les paqures et les Actinies,""

•Arch. Zool. Exper. et Gen.,' 5""' ser., t. 5, No. 9, Paris, 1910,

p. 421.

87. Gosse, P. H.— ' A History of the British Sea Anemones and

Corals,' London, 1860.

38. Haddon, A. C— " A New Species of Halgampa (H. andresii)

from Malahide," 'Sci. Proc. R. Dubl. Soc' (n.s.), vol. 4, 1885,

p. 396.

39. "Note on Halcampa chrysanthellu m. Peach," 'Sci.

Proc. R. Dublin Soc.,' vol. v. Part I, 1886, p. i.

40. " First Report on the Marine Fauna of the S.W. of Ireland,"

•Proc. R. Irish Acad.,' ser. 2, vol. iv. No. 5 (Sci.i. Dublin. 1886,

p. 599.

41. '• On Two Species of Actinia? from the Mergui Archipelago,

collected, etc.," ' Journ. Linn. Soc. Zool.,' vol. xxi, 1888, p. 247.

42. "A Revision of the British Actinia": Part I," • Sci. Trans. R.

Dublin Soc.,' ser. 2, vol. iv, 1889, p. 297 ; Part II (by A. C. Haddon

and A. M. Shackleton), t. cit., 1891, p. 609.

43. '• Report on the Actini* dredged off the S.W. Coast of

Ireland, etc.," ' Proc. R. Irish Acad.,' ser. 3. vol. i. 1890, p. 370.



ON THE CLASSIFICATION OF ACTINIARIA. 567

44. Haddoii, A. C— •' The Actiuiaria of Torres Straits,"' 'Sci. Trans. R.

Dulilin Soc./ ser. 2, vol. vi, 1898, p. 393.

45. and Dixon. G. Y.—"The Structure and Habits of Peachia
hastata (Gosse).Part I," ' Sci. Proc. R. Dublin Soc." vol.iv (N.S.),

188.5, p. 399.

46. and Duerden, J. E.— • On some Actiniaria from Australia

and other Districts," • Sci. Trans. R. Dublin Soc' .ser. 2. vol. vi,

1896. p. 139.

47. and Green, "W. S.
—

" Second Report on the Marine Fauna
of the S.W. of Ireland," ' Proc. R. Irish Acad.,' ser. 3, vol. i,

Xo. 1. Dublin. 1888. p. 29.

48. and Maguire, K.

—

"Phellia sollasi: a Xew Species of

Actiniarian from Oceania,"' ' Sci. Proc. R. Dublin Soc' vol. viii

(N.S.), Pai-t VI, Xo. 64, 1898, p. 693.

49. and Shackleton, A. M.—" Description of some Xew Species

of Actiniaria from Torres Sti-aits." 'Sci. Proc. R. Dublin Soc.,'

vol. viii (N.S.), Part I. Xo. 9. 1893, p. 116.

50. Hertwig, O. and R.—" Die Actinien, etc.," ' Jen. Zeitschr. fur

Xaturwiss., etc.. zu Jena.' Dreizehnter Band. n.f.. Sechster Band,

Jena, 1879.

51. Hei-twig, R.— '• Report on the Actiniaria dredged by H.M.S.
• Challenger,' etc.,"

'
"' Challenger" Reports, Zool.,' vol. vi, 1882 ;

also Supplement, vol. xxvi, 1888.

62. Kerb. H.—" Studien iiber die ungeschlechtliche Fortpflanzung der

Gonactinia i^rolifera, Sars."' ' Bergens Mus. Aarliok." 1913,

Xr. 3.

53. Kirk. H. B., and Stuckey, F. G. A.— '• Two Species of Actiniaria

from Campbell Island," Ai-ticle XVIII in C. Chilton's • Sub-

antarctic Islands of Xew Zealand." vol. i. Wellington, 1909,

p. 3.84.

54. Kwietniewski, C. R.— '• Revision der Actinien, welche von Herrn

Prof. Studer auf der Reise der Korvette Gazelle urn die Erde
gesammelt wurdeu," • Jena Zeitsclir.,' vol. xxx, 1896, p. .583.

65. Actiniaria von Ternate." ' Abhandl. her. von der Senckenb.

Xatui-f. Gesellsch.,' vol. xxiii, Frankfurt. 1897, p. 321.

66. ' Actiniaria von Ambon u. Thursday Island " (R. Semen's,

Zool. Forschungsreise,' Bd. v). ' Denkschr. Med.-Xaturwiss. Ges.

Jena,' Bd. viii. 1898. p. 38-5.

57. "Actiniaria von Ost-Spitzbergen," ' Zool. Jahrb. Syst.." Bd.

xi, 1898, p. 121.

58. McMurrich, J. P.
—

" A Contribution to the Actinology of the

Bermudas,"' 'Proc. Acad. Nat. Sci. Philadelphia," 1889. p. lo2.



568 T. A. STEPHENSON.

59. McMurricli. J. P.—" The Actiniaria of the Bahama Islands,
"^

' Journ. Moi*ph.,' vol. iii. 1889. p. 1.

60. " Report on the Actinise collected l)y the U.S. Fish Commis-
sion steamer 'Albatross ' during the winter of 1887-88," 'Proc.

U.S. Nat. Mas.,' vol. xvi, 1893, p. 119.

61. '• Notes on some Actinians from the Bahama Islands,

collected by the late Dr. J. I. Northrop," ' Ann. New York Acad.
Sci.." vol. ix. 1896, p. 181.

62. "Report on the Actiniaria Collected by the Bahama Exped.
of the State University of Iowa, 1893," ' Bull. Lab. Nat. Hist.

State Univ. Iowa,' vol. iv, 1898, p. 225.

62a. ' Report on the Hexactiniaj of the Columbia Univ. Exped.
to Puget Sound during the Summer of 1896," ' Ann. New York
Acad. Sci.,' vol. xiv, 1901, p. 1.

63. " Contributions on the Morphology of the Actinozoa : VI,

Halcurias jjilatus and Endoccelactis," 'Biol. Bull..' vol. ii,

1901. p. 1.5.5.

64. " The Actiniae of the Plate Collection " (• Fauna Chilensis,'

vol. iii). ' Zool. Jahrb.,' Suppl., Bd. vi. 1904, p. 215.

65. •' On Two New Actinians from the Coast of British

Columbia," ' Proc. Zool. Soc.,' 1913, p. 963.

66. Maguire. K.—' Notes on Certain Actiniaria." ' Proc. R. Dublin

Soc, vol. viii (N.S.), 1898. p. 717.

67. Milne-Edwards, H.—"Histoire Naturelle des Coralliaires ou polypes

proprement dits,' t. i, Paris, 1857.

68. Pax. F.—" Unterklasse : Hexacorallia." ' Probe-Artikel zum Hand-
liuch der Zoologie, Kiikenthal.'

69. •• Yorarbeiten zu einer Revision der Familie Actiniidse,"

• Inaug. -dissertation,' Breslau. 1907.

70. " Aktinienstudien," 'Zen. Zeitschr. fiir Naturwiss, etc.,*

vol. xlv, 1909, p. 325.

71. " Die Actinien der Ostafi'ikanischen Inseln." in A. Yoeltz-

kow'.s ' Reise in Ostafrica, 1903-5
' ; ' Wiss. Ergebn.,' Bd. ii,

heft 4, Stuttgart, 1909, p. 399.

72. "' Studien an westindischen Actinien." ' Zool. Jahrb. Suppl.,*

xi, heft 2, 1910, p. 157.

73. " Actinien der Aru-Inseln " (H. Merton, ' Ergebn. zool.

For.schungsreise siidostl. Molukkeu," Bd. i). ' Abhandl. senckenb.

Naturforsch. Gesellsch.," Bd. xxxiii, Frankfurt, 19U». p. 297.



ox THE CLASSIFICATION OF ACTINIARIA. 569

74. Pax. F.—"Les Actinies de la Cote du Perou," ' Ministere de
rinstruction publiqiae. Miss. . . . pour le mesiire d'un Arc de

meridien equatorial en Amerique du Sud, 1899-1906," t. ix, fasc. 4,

Paris, 1912, p. D. 1.

75. " Reyision des types des Actinies decrites par Quoy et

Gaimard." 'Ann. Sei. Xat.,' Ser. 9, vol. xvi, 1912, p. 309.

76. Rees. 0. M.—'"On Eloactis mazeli," ' Joum. Mar. Biol. Assoc.,'

vol. X, 1913, p. 70.

77. " Xotes on Actinostola callosa (Ven-ill) = Dysactis
crassicornis (Hertwig)." 'Ann. Mag. Nat. Hist..' ser. 8, vol. xii,

1913. p. 382.

78. " Contributions to the Compai'ative Anatomy of some
British Actiniaj." 'Joum. Mar. Biol. Assoc' vol. x, 1915, p. o21.

79. Stephenson, T. A.—" Actiniaria," 'Brit. Antarct. ("Terra Nova")
Exped. Xat. Hist. Reports. Zool.,' vol. v, No. 1, 1918, p. 1.

80. '• On Certain Actiniaria Collected o£B Ii-eland by the Irish

Fisheries Department during the years 1899-1913." ' Proc. R.

Irish Acad..' vol. xxxiv, Section B. No. 7, Dublin, 1918, p. 106.

81. Stuckey, F. G. A.— '• On Two Anemones found in the Neighbour-

hood of "VVellington," " Trans. New Zealand lust..' vol. xli, 1908,

AVellington. 1909. p. 370.

82. '• A Review of New Zealand Actiniaria," ' Trans. New
Zealand Inst.,' vol. xli, 1908, Wellington, 1909, p. 374.

83. ' Description of a Collection of Actinians from the Ker-

madec Islands." 'Trans New Zealand Inst..' vol. xlvi. 1913

(N.s. xxix). p. 132.

84. and Walton, C. L.— '• Notes on a CoUection of Sea

Anemones, " Art. Iv, ' Trans. New Zealand Inst.,' vol. xlii, 1909,

Wellington, 1910, p. 541.

85. ToiTey. H. B.—'Papers from the Harriman Alaska Expedition.

XXX: Anemones, with Discussion of Variation in Metridium,"
'Proc. Wash. Acad. Sci..' vol. iv, 1902, p. 373.

86. Verrill. A. E.— ' Mem. Boston Soc. Nat. Hist..' vol. i. 1864. p. 21.

87. Synopsis of the Polyps and Corals of the North Pacific

Expl. Exped., etc., 1853-56, Collected by Dr. Wm. Stimpson.

etc.. ' Proc. Essex Inst..' vol. v. 1868, p. 315, and vol. vi, 1869.

p. 17.

88. Notes on the Radiata in tlie Museum of Yale College.

etc.. "
' Ti-ans. Connecticut Acad, of Arts and Sciences.' vol. i.

Part II, New Haven. 1867-71; No. 6, 'Review of the Corals and

Polyps of the W. Coast of America.' p. 377 ; presented 1868.



570 T. A. STEPHENSON.

89. Verriil. A. E.
—

" Xotiee of Recent Additions to the Marine Fauna of

the Eastern Coast of N. America." " Amer. Journ. Sci. and Arts.'

ord ser., vol. xvii, 1879, p. 472.

90. "Notice of Remarkable Marine Fanna. etc.," Xo. 4. Amer.

Journ. Sci.,' 3rd ser., vol. xxiii ("A. saginatiis," p. 225).

91. Xotice of Remarkable Marine Fauna occupying the Outer

Banks off the Southern Coast of New England," No. 4, ' Amer.

Journ. Sci.,' 3rd ser., No. 135, vol. rxiii. 1882.

92. " Report on Anthozoa and on some Additional Species

dredged by the ' Blake,' etc.," ' Bull. Mus. Comp. Zool., Hai-vard,'

vol. xi. 1883.

93. " Report of Commissioner," ' U.S. Commission of Fish and

Fisheries." 1883, Washington, 1885.

94. Descriptions of Imperfectly Known and New Actinians,

with Critical Notes on Other Species," ' Amer. Journ. Sci. and

Ai-ts," vol. vii, 1899, pp. 41, 143. 205, 375.

95. Walton, C. L.—"On Phellia murocincta (Gosse;," "Journ.

Mar. Biol. Assoc.,' vol. viii, No. 1, 1907, p. 47.

96. ' Notes on some Sagartiidse and Zoanthidaj iroin Plymouth."

•Journ. Mar. Biol. Assoc." vol. viii. No. 2, 1908. p. 207.

97. " Actinia? collected by the ss. ' Huxley." in the North Sea

during the Summer of 1907," 'Journ. Mar. Biol. Assoc' vol. viii,

1908, p. 215.

98. "Kodioides borleyi, n. sp." 'Journ. Mar. Biol. Assoc.,*

vol. ix, 1910, p. 85.

99. and Rees, O. M.—"Some Rai-e and Interesting Sea Anemones
from Plymouth," ' Jouni. Mar. Biol. Assoc' vol. x, 1913, p. 60.

100. Wassilieff. A.— '• Japanische Actinien,"' in Doflein. " Beitr.

Naturg. Ostasiens,*' 'Abliandl. K. Bayer Akad. Wiss.," Suppl.

Bd. i. 1908.

APPENDIX TO LIST OF LITERATURE.

The following list consists of references to literature which it has

been neither possible nor necessary for me to consult personally, but

which is mentioned in the foregoing paper in connection with some of

the original descriptions of certain species listed after the generic
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XII. EXPLANATION OF PLATE 22.

Illustrating Mr. T. A. Stephenson's paper ''On the Classifica-

tion of Actiniaria."

PLATE 22.

A. Piece of a mesentery. B. Processes of mesogloea bearing ecto-

dermal muscle-fibres. C. Cilia. D. Diaphragm. E. Ectoderm. EN.
Endoderm. F. Muscle-space in fig. 3; muscle-fibres in fig. 10. H. Smalt

mesentery. K. Endodermal circular musculature. L. " Lip " of ecto-

derm. M. Mesogloea ; in fig. 7 points to muscle in the mesoglcea. A'.

Nerve-layer. P. Base of outer wall of a tentacle. It. Network of"

muscle-fibres and muscle-spaces in the mesogloea. T. Thick-walled

nematocyst. Z. Zooxanthellse.

Fig. 1.—Transverse section of portion of body-wall of Sagartia
miniata, to show a ciu?lis. Oc. 3, obj. lA.

Fig. 2.—Transverse section of portion of body-wall of S. miniata
(same specimen as that from which fig. 1 was drawn), to show a cinclis.

Oc. 3, obj. H.

Fig. 3.—Longitudinal section of margin of body of S. miniata^
showing the sphincter-muscle. Oc. 3, obj. l^.

Fig. 4.—Transverse section of an acontium of S. miniata. Oc. 3^

obj. i
Fig. 5.—Transvei'se section of the diaphragm of a cinclis of S.

miniata. Dra\vn with yV *5il i™^-

Fig. 6.—Longitudinal section of portion of the wall of the physa of

Peachia hastata to show a cinclis. Oc. 3, obj. f.

Fig. 7.—Longitudinal section of portion of the margin of Halcampa
chrysanthellum, showing part of the mesogheal sphincter. Oc. 3,

obj. I.

Fig. 8.—Transverse section of a portion of the wall of a tentacle of

Stomphia churchise. Oc. 3, obj. %.

Fig. 9.—Vertical transverse section of oral disc of Sagartia miniata.

Oc. 3, obj. i
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Fig. 10.—Longitudinal section of margin of Aiptasia couchi. showing

part of the mesogloeal sphincter. Oc. 3, oh>j. ^.

Fig. 11.—Ti-ansvei'se section of part of an actinophaiyngeal groove of

A. couchi. Oc. 3. obj. ^.

Fig. 12.—Diadumene schilleriana. Preserved specimen, about

natural size.

Fig. 13.—Peloccetes exul. Preserved specimen, about natural size.

XIII. Index to Genera.

A. Index to genera defined in this paper, and their chief synonyms. In

each case the numbers printed in heavy type refer to the page on which the

definition is to be found. Words in italics are synonyms.

Actinauge, 432, 460, 464, 469, 475,

478, 481, 489, 490, 494, 512-14, 5-34,

536, 558

Actinernus, 540-41, 542, 562-64

Actinoloba, 430, 431, .527

Actinoscyphia, 474-75, 478, 481, 506,

512, 514, 515, 540-41, .542, 563

Actinostola, 436, 472, 479, 480-81,

512, 549, 5.56, 557, 558-59, 561

Adamsia, 430-31, 477, 481, 527-28,

529

Aiptasia, 428, 431, 433-34, 437-39,

465, 467, 477, 481, 496, 501, 503,

509-10^ 516, 523, 527, 530, .531-32

Aiptasioides, 509, 5-30-31

Aiptasiomorpha, 439, 477-78, 481,

508-10, 518, .523, 527, 530-31, 533

AUoactis, 479-81, 549, 552, 554

Antholoba, 435, 479, 480, 481, 549,

554

Artemidactis, 471, 474, 479, 481, 503,

511, .544, 546-47

Bartholomea, 477-78, 481,

516-18, 527, 532, 533

508-10,

Calliactis, 431, 446, 455, 461, 463,

477, 481, 527, 528, 529, 544

Catadiomene, 472, 479, 480-81, 488-

492, 506, 515-16, 549, 558, .561

Cereus, 448-9, 471, 474, 479, 481, 503,

511, 5.34-35, 544, 546, 547

Chitonactis, 432, 534-35
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Chondractinia, 432, 533-35

Chondrodactis, 475, 478, 4S1, 489,

491, 513-14, 534, 539

Choriactis, 479, 481, .503, 547, 548, 551

Cylisto, 431, .544-45, 546

Cymbactis, 472, 479, 480, 481, 513,

514, 549, 552, 553, 5.56, 559

Decaphellia, 435, 471-73, 476-77,

481, 524, 525

Diadumene, 457-.58, 473, 475-76, 481,

508-9, 521, 522
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527, 530, 531, 532
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.506, 526

Mena, 473, 476, 481, 498, 509* .521.
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Metiidium, 431, 477, 4S1, 521-22,

527, 528, 554

Mitactis, 479, 481, 547, 548

Ophiodiscus, 435, 467, 469, 479, 480-

81, 511, 549, 560, 561-62

Paractis, 435-37, 471-76, 479-81,

542-43, 549, 550, 551-55, 557, 559
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518, 540, 542, 543, o52

Paraphellia, 432, 475, 478, 481,

511, 518, 534, 536-37, 538

Peloccetes, 459, 473, 476, 4S1, 508,
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507-9, 524-25, 526, 533-35
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B. Index to references to other

uncertain position are italicised.

Actinoporus, 428

Actinotryx, 428

Alicia, 469

Allantactis, 529, 534

Ammonactis, 534

Ammophilactis, 549

Amphianthus, 487

Anemonia, 530, 550
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Tealia, 534—35

Tealidium, 435, 479, 481, 549, 555

Thw, 544-46

Urticina, 536

;enera. Synonyms and genera of

Discosoma, 430

Edwardsia, 447, 464-65,

488, 493-95

Eloactis, 493

Epiactis, 466, 470, 550

Oephyra, 544
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Bunodes, 534-35, 557

Cactosoma, 526
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Corynactis, 428

Cyathadis, 549
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509, 523
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492-93, 523
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Isactinerniis, 564

Kodioides, 534

Koremia, 549

Lebrunia, 561

Leiotealia, 467

Nemactis, 431, 467, 544

Octophellia, 524

Oractis, 493, 497

Paractinia, 436, 549

Peachia, 446-47, 450, 493-94

Pentactinia, 493

Phelliopsis, 526

Phymanthus, 428

Porponia, 540, 542, 563

Protanthea, 427-28, 488,

493-97

Eieordea, 428

Raijhactis, 549

Stelidiactis, 527

Stephanactis, 487
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Thaumactis, 428
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Ecdysis in a Teleostean Fish, Agriopus.

By

J. D. F. Oilchrist, H.A., D.Sc.
Professor of Zoology in the University of Cape Town.

With 6 Text -figures.

Agriopus is a well-known fish of the Southern Hemi-
sphere, and is recorded from South America, South Africa

and Australia. On account of its striking appearance it

attracted the attention of early travellers, and is first

mentioned by Block under the name of Coryphaena torva.
It has a mane-like dorsal fin and a long vertical forehead,

from which it derives its local name " Horse-fish." A further

characteristic, mentioned by all observers, is its soft, thick

skin devoid of scales. This was specially noted by Cuvier

and Valenciennes, who describe the skin of A. torvus as

" epaisse et lisse comme un cuir bien prepare, sans aucune

apparence d'ecailles." They add that, among the speci-

mens procured, there were some in which the skin was quite

brown and raised in small wart-like prominences, so Avell

marked as to suggest that these individuals represented a

different species, though otherwise not dissimilar.

It may further be observed that among such brown speci-

mens there are occasionally some in which the skin has

apparently become detached, and hangs in ragged patches

from the body. This might readily be put down to imjierfect

preservation, and consequent detachment of the epidermis,

but the same condition was observed in specimens kept

alive, and in another species, A. spin if er, kept alive for
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about two years in an aquarium tank, the skin was observed

to become detached over the whole body and fins, leaving a

brightly coloured new skin underneath.^

In order to obtain further information on this peculiar

occurrence, which looks like a process of ecdysis, sections

were made of the skin, and these revealed a condition which

seems to be of more interest than a process of simple ecdysis,

thouD-h this, so far as I am aware, is not known to occur in

any fish.

The three Cape species (A. tor v us, A. spinifer and A =

verrucosus) were examined, and, though the process of

casting the skin differs in these in some respects, the essential

features are the same.

Agriopus torvus, Cuv. & Val.

In some individuals the skin has a bright, fresh appearance,

with clearly defined broad bands of pigment along the body

at intervals. In others the whole outer surface of the body

and fins is of a dirty brown colour as if coated with a thick

layer of diatomaceous growth. This layer may be of con-

siderable thickness.

Sections of the brightly coloured skin (Text-figs. 1a

and 1b), in which this layer does not appear to be present,

show that it is there, but at an early stage of development.

The normal elements found in the skin of fishes are present,

there being a comparatively thin epidermal layer of about

three to five cells in thickness. The lower cells are square,

and rest on a well-marked basement membrane. The cells

above this layer are rounded or polygonal in form, and are

arranged more or less regularly in rows perpendicular to the

epithelial surface. 'J'he outlines of all these cells are clearly

defined. At the base of the epidermis there is a layer of

black chromatophores, and scattered chromatophores are

sometimes found in the epidermis itself. Sections of the skin

in some parts of the body also show numerous saccular mucous

' ' Mar. Biol. Report, Union of Soiitli Africa,' li»14. p. Wl.
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glands within the epidermal tissue. The dermis underlying
these elements is very thick and tough in this species of

Agriopus, and there are no scales.

The chief point of interest is the character of the outer
cells, and the peculiar substance they produce at their free

surface. The earliest stages of this substance can be seen
in a fish in which the skin has been partly cast off, leaving
certain parts of the body with the clear new skin exposed.
The formation of this tissue must be very rapid, for already
it is well marked in some places in the new skin, though at

Text-figs. 1a and 1b.

Section of skin of Agriopus towns with little or no columnar
development. [The degree of magnification is shown by the
scale, representing 10//. accompanying the figures. All figures

are drawn by camera lucida, except fig. 6 ; fig. 2 with Zeiss

C objective, the others with y'^ oil-immersion objective.]

other parts there is little or no trace of it. For the purpose

of ascertaining the minute structure of the outer cells and

the substance they produce, very thin sections (2ju) were

made, and stained in h^emalum—a stain which was found to

be most suitable for the purpose of showing the structure of

the cells and their cuticle-like product.

In such sections (Text-fig. 1a) there is a fairly thick

outer dark margin, which is continued down into the inter-

cellular substance of the superficial epidermal cells. In a

few cases the outer border of the cell wa.s applied to tliis

margin ; in most, however, the cytoplasm was separated

from the outer border, though still connected to it by fine
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fibrils. The space between the outer border and the cell

was occupied by a clear substance, in which only the fibrils

could be distinguished, and which was sharply marked off

from the cytoplasm of the cell.

A later stage is evidently indicated b}- a cell which is

further removed from the surface (Text-fig. 1a). Here the

fine fibrils from the outer border are again seen. lu some

cases they appeared to end abruptly at the cell, but in others

they were continued down into the cytoplasm, almost to the

nucleus, giving the distal portion of the cell a marked striated

appearance.

Such stages were found alongside of each other, and at other

places (Text-fig. 1 b) cells were found still further removed

from the surface, so that the space between the outer border

and the cell assumed the appearance of a clear short column

traversed by longitudinal striations or fibres. Eunning across

this column were what appeared to be transverse septa, not

clearly defined and slightly curved, with the concave side

toward the cell. The transverse septa varied in number from

one to four according to the length of the column. They

were not placed at regular intervals from each other (vide

Text-fig. 3).

The wall or border between the cokrtnns is well marked, of

a dai'k colour, and more clearly defined than the transverse

septa. In some cases this wall was seen in such longi-

tudinal sections to be broken up into short dark transverse

streaks, which Avere to be seen more distinctly in transverse

sections of the column (Text-fig. 5). The substance of the

column in these sections was well marked off from the pi'oto-

plasm of the cell, except in cases Avhere the fibres penetrated

its substance.

If sections of the skin be now examined in which the

columns are further developed (Text-fig. 2), and can be

seen macroscopically as the thick dark outer layer already

mentioned, it is observed that this condition is brought about

by the great development of the columns, accompanied by a

modification in the outer epithelial cells. Tiiese are now
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more numerous, and are no longer arranged in roAvs per-

pendicular to the surface. There is a great variety in the

characters of the outer cells ; in some cases they are low and

Text-fig. 2.

Section of skin of A^riopus torvus with fully-developed

columnar layer, ep.. epithelium : e;/.. columns: d.. dermis
;
m..

mucus.

even flattened, as are also their nuclei, in a direction parallel

to the epidermis ; at other places they are narrow and greatly

elongate in a direction at right angles to the epidermis

(Text-fig. 3), being drawn out in long finger-like processes,

which sometimes attain a length equal to the depth of the

VOL. 64, PART 4. NEW SERIES. 38
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whole epidermis below them. The mode of termination of

these long cells varies considerably. They sometimes pass

without any clear line of demarcation into the substance of

the column above them. At other times this demarcation is

well marked, and the strife of the columns are clearly con-

tinued down into their substance. At other places they are

not only sharply marked off from the columns, but withdrawn

from them, being separated by a well-marked space; in such

cases the free end of the cell was often observed to present

a vacuolated appearance. In some cases the columnar layer

is entirely separated from the cells, and the process of ecdysis

is apparently completed. The nuclei in these elongate cells

show, in some cases, signs of disintegration. They appear

sometimes as broken-up separate masses of chromatin, may
assume a half-moon-like appearance, or appear like an

irregular cross (Text-fig. 4).

The elongate and flattened cells occurred in groups

alternating with each other, the former giving rise to a fan-

shaped structure, between which occurred depressions formed

by the flattened cells. These depressions assumed the form

of rounded spaces filled with homogeneous mucus (Text-

fig. 2, m.).

The consequence of this arrangement is that the outer

columnar tissue is divided up into groups or bundles, which may
appear as prominences on the outer surface of the skin. The

columns composing these bundles are now greatly elongate.

They are divided up by numerous transverse septa, but

apparently are not otherwise interrupted, as some could be

traced from the outer surface down to the corresponding

epithelial cell. Very often of course the section does not

pass through the length of the columns as shown in Text-

fig. 2, but cuts them transversely or obliquely, when they

appear as a number of rounded or oval areas.

Transverse sections of the columns (Text-fig. 5) showed

that they vary considerably in diameter in the same section

(2-7 ju), and that they are on an average smaller in diameter

towards the epithelium than near their outer extremities

—
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a fact which is doubtlessly associated with the narrower
character and increased number of the superficial epithelial

Text-figs. 3, 4, 5, 6.

%li^#^"«

Fig. 3.—Enlarged view of part of the eijidennis in above section.

Fig. 4.—01>li(iue section of outer cells of epidermis at a later

stage of development showing breaking up of nuclei. Fig. 5.

—

Transverse section of columns of skin of Agriopus torviis

showing nature of their walls. Fig. 6.—Optical section of cast

skin of Agriopus spiuifer showing fibnla connecting

columns.

cells at this later stage. In one case in which actual measure-

ments were taken, the average diameter of the distal end

was 3 /J and of tne proximal end 2"5/i.

VOL. 64, I'AKT 4.—NEW SERIES. 38§
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The columns are polygonal in outline, so that they present

a honey-comb appearance, but are not regular in shape.

In transverse sections further light is thrown on the nature

of the walls of the columns. These may be thick or relatively

thin, the thick walls being more marked towards the periphery

of the bundle of columns. The walls present a dark appear-

ance, being only slightly aifected by staining reagents. The

walls of the inner columns of the bundles are not so thick,

and in thin sections they may be seen at places to consist,

not of a single or double homogeneous wall, but of a number
of closely-set dark lines, running from one column to the other

across the wall, so that the column appears as if held together

by slender fibres. Further details were difficult to make out

on account of the slightly staining character of the substance

and the minute size of the fibre.

How exactly the process of ecdysis is effected was not

determined. It appears, in sections of the skin just cast, that

the process is merely a pulling off of the columns, leaving the

long, finger-like processes of the epithelial cell projecting. It

is probable that this is associated with a breaking down of the

superficial layers of epithelial cells, as indicated by the dis-

integration of their nuclei, which was observed only in these

late stages.

Agriopus spinifer, Giinth.

The skin of this species differs from that of A. torvus in

having scales. These are deeply embedded in the dermis,

and are sometimes broad and branched, and at the lateral

line apparently fused together. They project as dark needle-

like spines, which may or may not penetrate through the

epidermis. In the latter case, where they approach the

epidermis, they are covered by a proliferation of epidermal

cells, presumably ameloblasts. The process of ecdysis is

more marked in this species, as the whole of the outer

columnar layer is thrown off at one time. This was readily

observed in specimens kept alive at tlie Government Marine

Laboratory near Cape Town, and individuals were occasion-
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ally got in the trawl with the loose skin only slightly attached

to the body. The reason for this is apparently that in

this species the active elongate cells of the epidermis are

not grouped together in patches, alternating with patches of

flattened cells, as in A. torvus. The shed skin is not so

thick, and is clear and transparent, so that the outlines of the

columns can be more distinctly seem. For this reason also

the structure of tlie column, as seen in optical transverse

sections, shows more details than in sections of the skin of

A. torvus. The wall of the column was seen, as in A.

torvus, to be made up of dark transverse stria?, and these

were continued into the interior of the column, where they

became very fine and faint in colour. In cases most favour-

able for observation they were seen to penetrate the column

to a depth equal to about one-fourth oF its diameter (Text-

fig. 6).

Agriopus verrucosus, Cuv. & Val.

This species is distinguished fioni the last-named by having

no bony projection in front of the eye. The skin is raised

into rough projections, arising from the dermis. The structure

of the skin appears to be similar to that of the other two

species, but no suitably fixed material was available for

examination.

The various species of Agriopus obviously require revision,

and Jenyns is not sure but that his A. hispidus, from tlie

coast of Chile, may not l)e identical with one of the three

Cape species. Another species, A . a 1 b o g u 1 1 a t u s , also from

the Chilian coast, is of special interest in this intjuiry, as the

skin is described as covered with very minutt.' lu.rny tubercles.

It is possible that here the columnar layer may have become

solidified into such harder structures.

Nature and Origin of the Columnar Layer.

In view of these facts the question may now be considered

as to the significance of the columnar tissue, which is apparently
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produced by the external epithelial cells. Does each column

represent au excretion from the cells or a transformed and

greatly elongate cell or cells ? What is the significance of

the longitudinal striation, and of the transverse septa ?

That they do not represent mucus or other such excretion

from the cell might be concluded from their straight course

and well-marked walls, and that they represent transformed

cells seems to be rendered certain from the structure of their

walls, for both in longitudinal and transverse sections these

were seen to consist of fibrils, passing from column to column,

as seen in stratified epithelium generally, and also noted in

some of the parts of the cellular epithelium of Agriopus
itself.

With regard to the longitudinal striations, which are so

w_ell mai'ked in the columns, it must be concluded from their

development that they also represent such intercellular fibres,

for they may be traced down into the protoplasmic substance

of the cell.

The nature and origin of the transverse septa are not so

apparent. They appear as distinct lines running across the

column, less clearly defined, much thicker and more widely set

apart than the fine fibrils, which pass along the column and into

it. They are not so thick, however, as the walls of the column.

The longitudinal fibres pass through them without interrup-

tion, and the most obvious explanation of their nature is that

they represent cell-boundaries, like the walls of the column,

and that therefore the iuterseptal spaces represent transformed

epidermal cells. As against this, however, it can hardly be

supposed that the sides of the column would be so straight

and continuous if they represented a number of transformed

cells of the epidermis. The fact also that the longitudinal

fibrils or stria) can be traced without interruption through

the whole length of the colunni is against this interpretation.

Again, the iuterseptal spaces are very unequal, and in nearly

all the cases very much smaller than the epidermal cell (cf.

Text-fig. 3). The most probable explanation seems to

be tliat these iuterseptal spaces represent segments of the
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striated end of the epithelial cell which have been successively

cut off from it in its rapid growth, and that the septa repre-

sent modified fibrils or groups of fibrils.

The substance of the column, apart from the fibrils, is

composed of a homogeneous structure, which does not readily

stain. In some cases, however, the columns are mere empty
spaces or vacuoles, their contents apparently having been

removed.

The activity of these outer cells of the epidermis suggests

a comparison with tlie activity of the inner cells—the amelo-

blasts—in the production of enamel. In mammals, as here,

long columns or prisms are formed, separated from each other

by distinct lines of demarcation, and crossed at intervals by

transverse lines. In both cases these columns are produced

from the free end of the epithelial cell. In the case of

mammals, however, there is a collection of modified tissue

—

the stellate reticulum—not apparently represented here, and

in this the substance of the enamel prisms is believed to arise

and to be secreted by the ameloblasts on their outer side, so

as to foim the calcified prisms.

This stellate reticulum is absent in the formation of enamel

in the case of Teleostean fishes—a subject which has been

investigated by Tomes, Mummery and Carter. Tomes (* Phil.

Trans.,' cxciii, b, 1900) describes the enamel organ of the

Hake as consistinor of an outer row of cells and an inner row

which are the ameh^blasts. In the next stage the ameloblasts

have apparently disappeared, and in their place is a reticu-

lated stroma of the full dimensions of the enamel which will

ultimately appear. This reticulate stroma has a general

appearance of fibrillation in the direction at right angles to

the dental surface. The meshes of the reticulum are in

section round or elongate. The rounded forms looked as if

they might be the nuclei of the ameloblast cells, but it was

concluded that they represent sections of rods or tubes. With

regard to the fate of the ameloblast Tomes is uncertain. It

at first greatly increases in length without losing its identity

and its nucleus becomes less conspicuous, but it could not be
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made out whether the ameloblast cells go to form the rods

and tubes of the stroma, the interstitial material being formed

outside or between them, or whether tlie whole cell breaks up

into the reticular tissue. Tomes concludes that the enamel is

produced by calcification of the reticulate stroma.

Mummery ('Phil. Trans./ cccliv, b), in a paper on "The
Tubular Enamel of the Sparidfe and Labrid*," apparently

accepts Tomes' view of the products of the ameloblasts, but

Carter (' Quart. Journ. Micr. Sci./ vol. 63), from a further

study of the enamel organ of the Hake, arrives at the con-

clusion that some at least of the tubular structures are really

the nuclei of the ameloblasts ; others may be vacuoles in a

"fibrillar cytomitoplasm, whose fibres run fairly parallel with

the long axis of the cell."

We are not directly concerned here with the origin of the

enamel, whether by a transformation of cells or a secretion

from their ends, but only with the fact that the lower cells of

the epidermis become elongated, and give rise to a fibrillated

substance. These long fibrillated cells seem to be comparable

with the long fibrillated cells or columns- which arise on the

outer surface of the epithelium of Agriopus, and the fibrils

may in both cases be interpreted as no new structure in epi-

thelial cells, but the ordinary connecting fibrils of stratified

epithelium, greatly drawn out with the elongation of the cell.

Fibrils running across the column are also seen in Agriopus,
and it woidd be instructive if these were also found to occur

in the elongate cells of the enamel organ of Teleosts.

Summary.

(1) The Teleostean fish Agriojius apjiears to shed its skin

at cei'tain times.

(2) This shed skin consists of nunicruus elongate columns,

which are striated longitudinally and are continuous with the

outer epidermal cells.

(3) The walls of the column are composed of transverse

striations, which are prolonged for some distance into the

substance of the column.
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(4) The walls of the cells of the epidermis are composed of

such fibrils or stri.xB, and it is concluded that the columns

represent a greatly elongate and transformed part of the

outer cells.

(5) In the columns are also transverse septa or lines, the

nature of which is not evident.

(0) The striated columns are compared with certain features

in the enamel prisms of mammals, and with the striated

elongate cells of the enamel organ of Teleosts.
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